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(54) BRAIN CELL OR NERVE CELL-PROTECTIVE AGENTS COMPRISING GINSENOSIDE Rb 1? 



(57) Preparations for efficaciously administering 
ginsenoside Rb-j or its salt useful as cell-protective 
agents. More particularly, medicinal compositions for in- 
hibiting apoptosis or apoptosis-like cell death or medic- 
inal compositions for promoting the expression of a cell 
death inhibitory gene product BcI-Xl which contain gin- 
senoside Rbi or its salt; and preparations for intrave- 
nous administration which contain ginsenoside Rb^ or 



its salt. The above medicinal compositions contain gin- 
senoside Rb-i or its salt at a low concentration, prefera- 
bly 1 ng/ml or less and still preferably 1 to 100 fg/ml. 
These compositions have effects of promoting the ex- 
pression of the cell death inhibitory gene product BcI-Xl 
and inhibiting apoptosis orapoptosis-like cell death. The 
above preparations for intravenous administration are 
useful in treating or preventing, in particular, brain and 
nervous diseases. 
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D scription 

Technical Field 

[0001] The present Invention relates to ginsenoside 
Rb^ or its salt useful as cell-protective (cytoprotective) 
agents. More particularly, the present invention pertains 
to phannaceutical compositions comprising ginseno- 
side Rb^ or its salt for inhibiting apoptosis or apoptosis- 
like cell death or pharmaceutical compositions compris- 
ing ginsenoside Rb-i or its salt for promoting the expres- 
sion of a cell death-inhibitory or antiapoptotic gene prod- 
uct BcI-Xl- More further particularly, the present inven- 
tion pertains to phanmaceutical compositions coprising 
ginsenoside Rb^ or its salt for intravenous administra- 
tion. 

Background Art 

[0002] Originally, methods for treatment of cerebral 
apoplexy (cerebral vascular diseases) are different 
among cerebral infarction, cerebral embolism, cerebral 
hemorrhage, transient ischemic attack and subarach- 
noid hemorrhage, and strictly, no effective counter- 
measure can be taken unless a cerebral CT inspection 
Is performed. For example, thrombolytic agents can be 
used only for the treatment of cerebral infarction and 
cerebral embolism and are regarded as a contraindica- 
tion for the treatment of cerebral hemon*hage. However, 
cerebral apoplexy is a serious disease resulting in a per- 
manent disorder of higher functional activities or threat- 
ening the survival of patients, if no treatment is per- 
fonned for protecting nerve cells or neurons at risk in 
the lesion site as early as possible. Consequently the 
treatment should be initiated without a moment's delay. 
Even the period of time for the CT inspection of brain is, 
to put it strongly, a factor to make the possibility of re- 
covery smaller for the patients with cerebral apoplexy. 
Surety, the treatment of acute cerebral apoplexy is a 
struggle against not only cerebral apoplectk; lesion but 
also a time after its onset. Quite unfortunately, at 
present, whatever the disease type of cerebral apoplexy 
(cerebral infarction, cerebral hemon'hage, cerebral em- 
bolism, subarachnoidal hemorrhage and transient 
Ischemic attack) Is, it is the actual condition that few 
drugs showing a potent effect, if administered immedi- 
ately after the onset of cerebral apoplexy, are known. 
[0003] Ginsenoside Rb^ is a compound having the fol- 
lowing chemical structure: 




*® ginsenoside lUt>l 



15 

Ginsenoside Rb^ is a known compound wrth references, 
for example, by Shibata et al. (Shibata et a!., Economto 
and medicinal plant research , World Scientific, Philadel- 
phia, pp. 217-284, 1985). 

20 [0004] Intraperitoneal administraction of ginsenoside 
Rb^ has been reported to show a tranqullizing action on 
the brain (Yoshimura H. et al., Eur. J. PhanmacoL, 146, 
291-197, 1988), but no mechanism of the action has 
been elucidated. In the central nervous system, the pos- 

25 sibility has been raised that a mixture of ginsenoside 
Rb^ and ginsenoside Rg^ (or ginsenoside Rb^ or ginse- 
noside Rg, atthe extracellular concentration from IQ-^M 
to IQ-"^ M) shows some effect for Alzheimer's disease 
as a result of activating acetylcholine-containing nerve 

30 cells (US Patent No. 5,1 37,878: Composition and meth- 
od for treatment of senile dementia). However, since it 
can not be said that the main cause of Alzheimer's dis- 
ease is a functional disturbance of acetylcholine-con- 
taining nerve cells, this hypothesis has many problems 

35 to be solved, 

[0005] In addition, the nerve cell-protective or neuro- 
protective action by a single use of ginsenoside Rb^ has 
scarcely been elucidated until the studies on ginseno- 
side Rb^ was initiated by us. We have studied until now 

40 to show a protective action of ginsenoside Rb^ for the 
cells other than acetylcholine-containing nerve cells us- 
ing the transient forebrain ischemia model of gerbils. It 
has been proved that In this forebrain ischemia model 
animal, occlusion of the bilateral common carotid arter- 

45 ies for 3 to 5 minutes while maintaining the brain tem- 
perature at 37**C results in a neuronal loss of the hip- 
pocampal CA1 pyramidal cells (containing no acetyl- 
choline) within one week after ischemia depending on 
the occlusion time (this event is called delayed neuronal 

50 death), and that the learning behavioral function of the 
Ischemic animals is deteriorated (Wen T.-C. et al.. Acta 
Ncuropathol., 91, 15-22, 1996). These facts mean that 
the transient forebrain ischemia model of gerbils reflects 
the human pathologic condition of transient ischemic at- 

55 tack (TIA). 

[0006] We have proved that administering ginseno- 
side Rbi (10 mg/kg or 20 mg/kg) into the peritoneal cav- 
ity of gerbll once a day for one week in advance can 
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significantly prevent delayed neuronal death and learn- 
ing disability caused by occlusion of the common carotid 
arteries for 5 nriinutes (Wen T-C. et al., Acta Neu- 
ropathoL; 91, 15-22. 1996). However, intraperitoneal 
administration of ginsenoside Rb^ immediately after 3- 
or 5-minute occlusion of the common carotid arteries 
showed no effect (Wen T-C. et al., Acta Neuropathol., 
91, 15-22, 1996; Lim J.-H. et al.. Neurosci. Res., 28, 
191 -200, 1 997). Consequently, since transition rate and 
transportation rate to brain of peripherally (intrapertto- 
neally) administered ginsenoside Rb^ are thought to be 
very low, no clinical application of ginsenoside Rb| was 
kept in mind at that stage in view of the protection of 
hippocampal CA1 pyramidal neurons. 
[0007] It has been reported that inlracerebroventricu- 
lar infusion of ginsenoside Rb^ starling immediately af- 
ter occlusion of the common carotid arteries for 3 or 3.5 
minutes in place of the above peripheral (intraperito- 
neal) administration suppresses the delayed neuronal 
death and learning disability (Lim J.-H. et al., Neurosci. 
Res., 28, 191-200, 1997). Further, in spontaneous hy- 
pertensive stroke-prone (SH-SP) rats with pennanent 
occlusion of the cortical branch of the left middle cere- 
bral artery (MCA) (cerebral infarction model of rats), in- 
tracerebroventricular infusion of ginsenoside Rb^ start- 
ing immediately after permanent occlusion of the MCA 
caused a significant reduction of the infarcted area In 
the cerebral cortex and ameliorated the ischemia-in- 
duced place navigation disability of the animals (Zhang 
B. etal., J, Stroke Cerebrovasc. Dis., 7, 1-9, 1998). 
[0008] Even though ginsenoside Rb^ is effective in 
the direct intracerebroventricuiar infusion, however, it 
appears impossible to apply ginsenoside Rb^ to human 
transient cerebral ischemic attack (TIA) and cerebral in- 
farction due to the problems in the route of administra- 
tion, similarly to other peptide growth factors (Sakanaka 
M. et al , Proc. Natl. Acad. Sci, USA. 95, 4635-4640, 
1998; Wen T. -C. et a!., J. Exp. Med.. 188, 635-649, 
1998). 

[0009] Concerning the mechanism of neuroprotective 
action by peripheral (intraperitoneal) administration of 
ginsenoside Rb-, , we have reported that a culture medi- 
um previously admixed with a low concentration (1 - 1 00 
fg/m)) of ginsenoside Rb-| reduces neuronal necrosis 
caused by a hydroxyl radical inducer (ferous sulfate) 
(Lim J.-H. et aL, Neurosci. Res., 28, 191-200, 1997; 
Zhang B. el al., J. Stroke Cerebrovasc. Dis., 7, 1-9, 
1998). We have presumed that ginsenoside Rb^ de- 
creases cell membrane lipid peroxides as a result of 
scavenging hydroxyl radicals to protect cultured nerve 
cells, but up to now no one proved this hypothesis. 
[0010] Several reports conceming the neuroprotec- 
tive effect of ginsenoside Rb^ have been made in culture 
experiments. For example, high concentrations (0.1 1 -1 1 
g/ml) of ginsenoside Rb^ reduce glutamate-mediated 
neurotoxicity to prevent neuronal cell death (Kim Y.-C, 
etal . J. Neurosci Res., 53. 426-432, 1998). and a high- 
er concentration, approximately 500 |i M (550)1 g/ml) of 



ginsenoside Rb^ has a possibility to prevent apoptosis- 
like nerve cell death (Tanaka T. et al., The Ginseng Re- 
view, 24, 61-65. 1998). However, according to the re- 
sults of our culture experiments, high concentrations of 
5 ginsenoside Rb^ has shown an increased neurotoxicity 
(Lim J.-H. et al., Neurosci. Res., 28, 191-200, 1997; 
Zhang B. et al., J. Stroke Cerebrovasc. Dis., 7, 1-9, 
1998). 

[0011] Furthermore, such high concentrations of gin- 
to senoside Rb^ can not be realized in an extracellularfluid 
in vivo, and we speculate that an administration of a 
large amount of ginsenoside Rb^ into a human body to 
maintain the high extracelular concentrations of ginse- 
noside Rb^ is impossible considering cost and adverse 
15 effects. Actually, from our expenmental results, It has 
been proven that a high dose of ginsenoside Rb^ can 
not always provide preferable efficacy and effectiveness 
(Zhang B. et al., J. Stroke Cerebrovasc. Dis., 7, 1-9, 
1998). 

20 [0012] In conclusk)n, the mechanism of neuroprotec- 
tion by ginsenoside Rb^ has not been elucidated yet. If 
the action mechanism of ginsenoside Rb^ can be made 
clear, it is expected to find out new efficacies and appli- 
cabilities of the same agent. Further, it has not been elu- 

25 cidated whether or not ginsenoside Rb^ actually inhibits 
apoptosis-like cell death at low concentrations. 
[0013] We have found that ginsenoside Rb^, at such 
a markedly low concentration range never reported in 
the world as 1 fg/mlto 1 00 f g/ml, suppresses apoptosis- 

30 like nerve cell death by increasing the expression of a 
cell death-suppressing gene product BcI-Xl- Namely we 
have found in the present invention that ginsenoside 
Rbi is the only one non-peptidic Bcl-Xi_ expression stim- 
ulator in the world. Although ginsenoside Rb^ at the con- 

35 centration of 1 00 fg/ml showed a slight suppressive ac- 
tion on the fonnation of lipid peroxides, no such effect 
was observed at a lower concentration range. Conse- 
quently, the hypothesis heretofore presented in relation 
to the action mechanism of ginsenoside Rb^ was found 

40 inappropriate. We have further found that ginsenoside 
Rb^ suppresses apoptosis-like nerve cell death in vivo, 
and completed the present invention. 
[0014] Namely, we have found that intravenous ad- 
ministration of ginsenoside Rb^ exhibits unexpectedly a 

45 superior suppressive action against cerebral infarction 
and ameliorates infarction-induced place navigation dis- 
ability 

[0015] An object of the present invention is to provide 
drugs or pharmaceutics which exhibit a superior thera- 

50 peutic effect on patients with cerebral infarction and a 
suppressive action for cerebrovascular dementia, and 
protect cells by facilitating an expression of the cell 
death-suppressing gene product BcI-Xl- 
[0016] Another object of the present invention is to 

55 provide preparations for efficaciously administering gin- 
senoside Rb^ or its salt useful as cyto protective agents. 
[0017] More particularly further object of the present 
invention is to provide pharmaceutical compositions 
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comprising ginsenoside Rb^ or its salt for inhibiting ap- 
optosis or apoptosis-like cell death or pharmaceutical 
compositions comprising ginsenoside Rb^ or its salt for 
promoting an expression of the cell death-inhibitory 
gene product BcI-Xl- 

[001 8] Still further object of the present invention is to 
provide preparations comprising ginsenoside Rb^ or its 
salt for intravenous administration useful for the therapy, 
prevention or treatment of brain and nerve diseases. 

Disclosure of Invention 

[0019] The present invention relates to pharmaceuti- 
cal compositions comprising low concentrations of gin- 
senoside Rbi or Its salt for inhibiting apoptosis or apop- 
losis-like cell death. 

[0020] The present invention further relates to phar- 
maceutical compositions comprising low concentrations 
of ginsenoside Rb, or Us salt for promoting expression 
of the cell death suppressing gene product Bcl-x^^. 
[0021] The pharmaceutical composition of the 
present invention is preferably preparations for intrave- 
nous administration » but other routes of administration 
can optionally be selected. 

[0022] The present invention still further relates to 
pharmaceutical compositions comprising ginsenoside 
Rb^ or its salt preferably at low extracellular concentra- 
tions in lesion for the therapy, prevention or treatment 
of brain and ner\/ous diseases, and more preferably the 
present invention relates to preparations comprising 
ginsenoside Rb^ or its salt for intravenous administra- 
tion for the therapy, prevention or treatment of the above 
diseases. Further, the present invention pertains to the 
hereinbefore described preparations for intravenous ad- 
ministration for the therapy, prevention or treatment of 
brain and nervous diseases, protective agents or prep- 
arations for brain cells or nerve cells, methods for treat- 
ing or preventing these brain diseases, and to the use 
of ginsenoside Rb^ or its salt for producing these phar- 
maceutical compositions. 

Brief Description of Drawings 

[0023] 

Fig. 1 shows the results of water maze tests. The 
left drawing in Fig.1 shows the results of water maze 
tests at the second week after MCA occlusion and 
the right drawing shows the results of water maze 
tests at the fourth week after MCA occlusion. In Fig. 
1 , closed circles (♦) indicate the results of rats with 
sham operation; and open circles (O) indicates the 
results of MCA-occluded rats infused with only 
physiological saline; closed squares (■) indicate the 
results of MCA-occluded rats infused with ginseno- 
side Rb^ in a dose of 6 g/day and open squares 
(□D indicate the results of MCA-occluded rats in- 
fused with ginsenoside Rb^ in a dose of 60 \i g/day. 



Fig. 2 is a figure showing ratios of cerebrocortical 
infarction. 

Fig. 3 is a photograph showing infarcted lesion in 
the cerebral cortex. A: MCA-occluded rat infused 

5 with physiological saline and B: MCA-occluded rat 
infused with ginsenoside Rb^ in a dose of 6 g/day. 
Fig. 4 is a schematic drawing summarizing the re- 
sults of example 1 hereinbelow described. 
Fig. 5 is a drawing, which shows a very weak pre- 

10 ventive effect of ginsenoside Rb^ on peroxidation of 
membrane lipids. 

Fig. 6 is a graph showing an inhibitory action of gin- 
senoside Rb^ on nerve cell death (apoptosis) 
caused by sodium nitroprusside (SNP). In the left 
15 drawing of Fig. 6, results without SNP treatment, 
and in the right drawing, results with SNP treatment 
are shown, respectively. Black out columns show 
addition of ginsenoside Rb^ before and after SNP 
treatment, and columns with slant lines show addi- 
20 tion of ginsenoside Rb^ after treatment with SNP. 

Fig. 7 is photographs instead of drawings, showing 
upregulatton of Bcl-x^ mRNA expression by ginse- 
noside Rb^. 

Fig, 8 is a photograph instead of drawing, showing 
25 the result of Western blotting for Bc!-Xl protein in 
neurons treated with ginsenoside Rb^. 
Fig. 9 is a graph quantifying the results of Western 
blotting for Bc1-Xl protein in neurons treated with 
ginsenoside Rb^. 
30 Fig. 10 (A), (B) and (C) are photomicrographs in- 
stead of drawings, showing the inhibition by ginse- 
noside Rbi of pathologic apoptosis-like neuron 
death in the matured brain. Fig. 10 (D) is a graph 
quantifying their results. 

35 

Beat Mode for Carrying Out the invention 

[0024] Ginsenoside Rb^ of the present inventiot^ is a 
compound represented by the formula hereinbefore. 

4i? Ginsenoside Rb^ can be isolated and purified according 
to the method of Shibata et al, (Shibata et al.. Economk: 
and medicinal plant research; Worid Scientific, Philadel- 
phia, pp. 217-284, 1985). Ginsenoside Rb^ purified by 
such a method has a purity more than 98%, which has 
been confirmed by ihin layered chromatography and nu- 
clear magnetic resonance spectrum (Kawashlma Y and 
Samukawa K., J. Med. Pharmacol, Soc. Wakan-Vaku, 
3, 235-236, 1986). It is preferable to use highly purified 
ginsenoside Rb^ of the present invention, but mixtures 

50 extracted from natural products or natural plants such 
as medicinal ginseng, which contains ginsenoside Rb^ 
can also be used. 

[0025] Ginsenoside Rb^ of the present invention can 
be used in its free fonn, but can be used as its suitable 
55 salts. Its solvates such as hydrates can also be used. 
[0026] The concentrations of ginsenoside Rb-| used 
in the present invention are preferably low, more con- 
cretely, its concentration in extracellular fluid in lesion is 



20 
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1 ng/ml or less, preferably 1 pg/ml or less, and more 
preferably 100 fg/ml or less. The preparations for intra- 
venous administration of ginsenoside Rb^ of the present 
invention should preferably be adjusted so that the con- 
centrations of ginsenoside Rb^ in extracellular fluid of 
the lesion tissue of patients are maintained in the con- 
centration range hereinabove described. A sufficient fa- 
vorable effect of the pharmaceutical compositions and 
preparations of the present invention can be obtained 
even at the concentrations of 1 - 1 00 fg/ml in the extra- 
cellular fluid of the lesion tissue. One of features of the 
present invention is to use ginsenoside Rb^ preferably 
at the low extracellular concentrations in lesion. 
[0027] Another feature of the present invention is to 
use ginsenoside Rb^ as preparations for intravenous 
administration. Quite surprisingly, it was found that in- 
travenously administered ginsenoside Rb^, unlike pe- 
ripherally (intraperitoneally) administered ginsenoside 
Rb^, was transferred rapidly to the central nervous sys- 
tem. The preparations for intravenous administration of 
the present invention may be those, which can be di- 
rectly administered intravascutarly, preferably intrave- 
nously, and may optionally be those for single intrave- 
nous infusion or tor continuous intravenous infusion. It 
can also be a formulation used to be added to prepara- 
tions for intravenous administration such as a composi- 
tion for drip infusion. 

[0028] Intravenous administration of ginsenoside Rb^ 
of the present invention can reduce the infracted area 
to about 1/4 in comparison with that of a non-adminis- 
tered control group, as well as having an unique mech- 
anism of action that is to enhance the expression of a 
cell death-suppressing factor Bcl-x^. It also protects 
nerve cells or neurons in the brain. Consequently, it can 
be applied as neuroprotective agents for not only acute 
and chronic cerebral infarction but also acute or chronic 
cerebral hemorrhage, subarachnoidal hemorrhage and 
cerebral embolism or transient cerebral ischemic attack 
(TIA). 

[0029] Namely, ginsenoside Rb^ of the present inven- 
tion is the drug or phannaceutical composition, which 
can be administered intravenously as a drip infusion in 
an ambulance car to a patient suspected to suffer from 
cerebral apoplexy. The pathologic condition of cerebral 
ischemia has been known to be generated not only by 
cerebral infarction but also by cardiac failure, severe 
anemia, respiration disorders, cardiac arrest and ven- 
tricular fibrillation. In order to protect the brain against 
these diseases and to improve prognosis of patients 
with the diseases, the phannaceutical composition com- 
prising ginsenoside Rb^ of the present invention is quite 
effective. 

[0030] The pharmaceutical composition comprising 
ginsenoside Rb^ of the present invention is expected to 
exhibit an efficacy through an enhanced expression of 
BcI-Xl protein on the other primary and secondary neu- 
rodegenerative diseases accompanied by apoptosis- 
like neuron death (Alzheimer's disease. Pick's disease, 



spinocerebellar degeneration, Parkinson's disease, 
chorea, glaucoma, senile macular degeneration, amyo- 
trophic lateral sclerosis, AIDS encephalopathy, hepatic 
encephalopathy, encephalitis, cerebral palsy, retinal 
5 pigment degeneration, head (brain) injury, spinal cord 
injury, carbon monoxide poisoning, retinal detachment, 
neonatal asphyxia, diabetic retinopathy, peripheral 
nep»/e diseases, etc.). 

[0031] Further, a specific feature of the medicinal 

10 preparations comprising ginsenoside Rb^ of the present 
invention, which should not be overiooked, is the fact 
that it does not show any adverse effects. For example, 
even though ginsenoside Rb^ is added to nonnal cul- 
tured nerve cells or neurons, which are not treated with 

'5 sodium nitroprusside (SNP), a nitric oxide (NO) donor, 
it shows no effect on neuronal metabolic activity. More- 
over, ginsenoside Rb^ at low extracellular concentra- 
tions (1 - 100 fg/ml) protects only nerve cells injured by 
treating with SNP, (refer to example 3). Consequently, 

20 ginsenoside Rb^ does not affect normal neuronal func- 
tions but can give a favorable effect only on the lesion 
tissue. This point can be emphasized as a more superior 
property of ginsenoside Rb^ than glutamate receptor 
antagonists under developing as neuroprotective 

^5 agents at present. 

[0032] It has also been reported that no effects of in- 
tracerebroventricular administration of ginsenoside Rb-, 
on brain temperature, cerebral blood flow and blood 
pressure are observed (Lim J.-H. et al. Neurosci. Res., 

30 28. 191-200, 1998). No adverse effect was detected 
within a range of careful observation on animals, to 
which ginsenoside Rb^ of the present invention was ad- 
ministered. 

[0033] Ginsenoside Rb^ of the present invention, 

35 when administered to rats with permanent MCA occlu- 
sion (body weight about 300 g) in a dose of 6 p. g/day or 
60 \i g/day, resulted in reduction of the cerebral infarc- 
tion area and ameliorated ischemia-induced place nav- 
igation disability (cerebrovascular dementia). Based on 

40 these experimental results, a dose range for human pa- 
tients with cerebral apoplexy (body weight 60 kg) is cal- 
culated as 1 .2 mg - 12 mg/ day. However, since required 
dose amount per body weight is, generally, decreased 
depending on the increased body weight of animals, a 

45 dose of 1 .2 mg or less is thought to exhibit a sufficient 
effect. Daily doses of the pharmaceutical composition 
of the present invention is, though depending on an in- 
dividual difference and a disease state of the patient, 
0.1 mg or more, preferably 1 mg or more, more prefer- 

50 ably 10 mg or more. Since the phamnaceutical compo- 
sition of the present invention has less adverse effect, 
it can be administered considerably in large amount as 
an upper limit of dosage, and the upper limit of dosage 
is 1 g or less/day, preferably 0.1 g or less/day. 

55 [0034] The method for administration of the phanna- 
ceutical composition of the present invention is prefer- 
ably intravenous administration and the amount of ad- 
ministration hereinabove described can be adminis- 
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teredconsecutively or repetitively. Ginsenoside Rb^, an 
active ingredient of the present invention is a sort of sa- 
ponin, and can be formulated by the conventional meth- 
ods. For example, an aqueous pharmaceutical compo- 
sition of the present invention can be prepared as a 5 
preparation for intravenous administration by dissolving 
lyophilized crystals in physiological saline, distilled wa- 
ter, phosphate buffer or glucose solution. Lipid micro- 
sphere or liposome preparation can also be used. The 
concentrations of ginsenoside Rb-, or its salt in the prep- 
arations for intravenous administration can optionally be 
adjusted unless so high, for example 0.01-10 mglml, 
preferably 0.1-1 mg/mi. 

[0035] I n the animal experiments of the present inven- 
tion, ginsenoside Rb^ was intravenously administered 
continUousfy for 28 days after pennanent occlusion of 
the cortical branch of the left middle cerebral artery 
(MCA). Since in the actual case of cerebral apoplexy at 
an acute phase, the brain lesion frequently becomes 
worse within 2 weeks after the onset, a sufficient effect 
can be expected if an administration of ginsenoside Rb^ 
is perfonned during at least this period. As the results 
of practical use of ginsenoside Rb.,, applications to cer- 
ebrovascular reconstruction and reperfusion surgeries 
may be expanded, 

[0036] The present invention takes initiative in dis- 
closing suppression of apoptosis or apoptosis-like cell 
death as a result of promoting the expression of BcI-Xl 
protein by ginsenoside Rb^ at low extracellular concen- 
trations in lesion, which has never known in the past. 
Th fact that ginsenoside Rb^ at low extracellular con- 
centrations in lesion suppresses apoptosis or apopto- 
sis-like cell death by upregulating the expression of Bcl- 
Xl protein, indicates that ginsenoside Rb^ is effective for 
not only central nervous system (CNS) diseases but al- 
so peripheral tissue diseases accompanied with apop- 
tosis (for example, rejection after organ transplantation, 
ischemia-reperfuslon injury of heart, liver and kidneys, 
myocardial infarction, peripheral artery occlusion, pe- 
ripheral circulatory failure, bedsore, autoimmune dis- 
eases and immunodeficiency). Moreover, for the treat- 
ment of these peripheral tissue diseases, smaller 
amounts of ginsenoside Rb^ than those used for brain 
diseases can provide sufficient effect and efficacy 
[0037] Next, the actions of ginsenoside Rb^ of the 
present invention at tow concentrations are explained in 
detail. 

[0038] First, we examined the actions of intravenous 
infusion of ginsenoside Rb^ . For this purpose, for exam* 
pie, male SH-SP rats weighing 250 -300g at the age of 
12-13 weeks were used. The animals were bred in an 
air-conditioned room with a 12:12 hour light-dark cycle, 
and water and feeds were supplied ad libitum. The cor- 
tical branch of the left middle cerebral artery (MCA) was 
coagulated and cut. A single intravenous administration 
of ginsenoside Rb^ dissolved in physiological saline was 
conducted immediately after MCA permanent occlusion 
(6 g or 60 |i g), thereafter continuous intravenous ad- 



ministration of ginsenoside Rb^ was performed for 28 
days by using an Alza mini osmotic pump (6 \i g/day or 
60 |i g/day). 

[0039J Control animals with MCA pennanent occlu- 
sion (ischennic control animals) and sham-operated an- 
imals were administered with the same amount of phys- 
iological saline. 

[0040] After MCA permanent occlusion, according to 
the conventional method (Zhang B. etal., J. Stroke Cer- 
ebrovasc. Dis., 7, 1-9^ 1998), water maze tests were 
performed for 4 days at the 2nd week and the 4th week, 
respectively, and the place navigation abilities of SH-SP 
rats were determined. 

[0041] Results are shown in Fig. 1 . The left drawing 
in Fig. 1 is the results ofthe 2nd week and the right draw- 
ing is the results of the 4th week after parmanent MCA 
occlusion. In Fig. 1 , closed circles (•) indicate the re- 
sults of rats with sham operation; and open circles (O) 
indicate the results of MCA-occluded rats administered 
with only physiological saline; closed squares (■) indi- 
cate the results of MCA-occluded rats administered with 
ginsenoside Rb^ in a dose of 6 p. g/day and open 
squares (O^ indicate the results of MCA-occluded rats 
administered with ginsenoside Rb^ in a dose of 60 (i g/ 
day. 

[0042] As shown in Fig. 1 , the place navigation disa- 
bility after MCA permanent occlusion (after cerebral in- 
farction) was significantly improved by ginsenoside Rb^ 
infusion as compared with a group of cerebral infarction 
administered with physiological saline. Especially, in the 
water maze tests at the 2nd week and at the 4th week 
after MCA occlusion, the low dose of ginsenoside Rb-j 
significantly ameliorated the learning disability on the 
3rd day and on the 4th day, and the high dose of ginse- 
noside Rb^ on the 4th day at the 2nd week and on the 
3rd and 4th days at the 4th week after MCA occlusion. 
Significant effects were also noted on the 1 st day at the 
4th week in the high dose and the low dose groups, re- 
spectively. No significant differences in swimming speed 
of SH-SP rats were observed among the four experi- 
mental groups. 

[0043] After the water maze tests at the 4th week, the 
SH-SP rats were anesthetized with chloral hydrate, and 
they were perfused and fixed transcardially with 0.1 
mole phosphate buffer containing 4% parafonnalde- 
hyde. The brains were dissected out and cerebrocortical 
infarcted areas were photographed. Areas of the left 
cerebral hennisphere and the left cerebrocortical infarct 
lesions were measured on the photographs by using an 
image analysis device. The left cerebrocortical infarcted 
areas were divided by the left cerebral hemispheric ar- 
eas to calculate ratios of the cerebrocortical infarction 
(%). Results are shown in Fig. 2. 
[0044] As shown in Fig. 2, the ratio of cerebrocortical 
infarction was significantly reduced in the groups of cer- 
ebral infarction with intravenous administration of gin- 
senoside Rb-, as compared with the group of cerebral 
infarction with administration of physiological saline. 
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Since the ratio of cerebrocortical infarction is calculated 
based on the area of infarction, and the mean value of 
the ratios in the groups intravenously administered with 
ginsenoside Rb^ is reduced to 50% or less connpared 
Wfth that of the group administered with physiological 
saline, actual volume of infarction appears to be re- 
duced to about 1/4 by intravenous administration of gin- 
senoside Rb^. 

[00451 An actual case of cerebral infarct area of the 
group administered with physiological saline and an ac- 
tual case of cerebral infarct area of the group adminis- 
tered with ginsenoside Rb ^ (6 ^ g/day) are shown in Fig. 
3A and Fig. 3B, respectively. 

[0046J Fig. 4 is a schematic drawing summarizing the 
results of the present experiments. In rats administered 
with physiological saline, the size of cerebral infarction 
ramained large and it took a long time for the rats to 
escape onto the goal platform in the water maze tests. 
Contrary, in rats administered with ginsenoside Rb^ of 
the present invention, the infarct area was recovered 
and reduced, and as a result, in the water maze tests, 
only a short time was required for the rats to arrive at 
the goal platfomn. 

[0047] According to the paper of the present inventors 
in the past using a transient forebrain ischemia model 
of gerbils (Wen T.-C, et aL, Acta NeuropathoL, 91, 
15-22, 1996), even if intraperitoneal administration of 
ginsenoside Rb^ (10 mg/kg/day or 20 mg/kg/day) was 
performed before ischemic loading, only about 30% of 
hippocampal CA1 pyramidal neurons could be rescued. 
In addition, intraperitoneal administration of ginseno- 
side Rbi in gerbils after the ischemic event resulted in 
no effect. Moreover, since the daily doses of intraperi- 
toneally administered ginsenoside Rb^ are as high as 
0 .7 mg - 1 .4 mg detemni ned by the body weight of gerbils 
(approximately 70 g), considering from the view point of 
efficacy and effect of ginsenoside Rb^ administration, 
intravenous administration of ginsenoside Rb^ is a su- 
perior method for administration than the intraperitoneal 
administration, and can be easily applied to humans. As 
well known, an intraperitoneal administration to human 
cannot always be applied except tor a partial exception 
(peritoneal lavage, etc.). 

[0048J Animals with MCA pennanent occlusion (cer- 
ebral infarction rats) used in the present example are 
obviously more severe than the transient forebrain 
ischemia model of gertDils and they provide a model 
close to human disease that is cerebral infarction. Con- 
sequently, the fact that the intraveous infusion of gise- 
noside Rb^ starting after cerebrovascular occlusion ex- 
hibited a marked favorable effect on rats with permanent 
MCA occlusion clearly indicates the usefulness, con- 
venience and economical advantage of intravenous in- 
fusion of ginsenoside Rb^ in low doses. 
[0049] On the other hand, in the previous report, in 
which ginsenoside Rb^ was directly infused into the cer- 
ebral ventricles of animals with MCA permanent occlu- 
sion (Zhang B.. et al., J. Stroke Cerebrovasc. Dis., 7, 



12 

1-9, 1 998), a significant suppressive effect on cerebral 
infarction was observed only when the continuous in- 
tracerebroventricular infusion of ginsenoside Rb-, at the 
dose of 0.6 |x g/day was conducted after MCA occlusion; 

5 and the effect was equal to or a little less than the effect 
of intravenous administration of ginsenoside Rb^ as 
shown in the present example. In the previous report on 
the intracerebroventricular administration of ginseno- 
side Rb^, no curative effect on cerebral infarction was 

10 observed even when the other doses of ginsenoside 
Rb-i (6 |x g /day or 0.06 \l g /day) were continuously in- 
fused into the cerebral ventricles after MCA permanent 
occlusion. Consequently, the effective dose range of in- 
tracerebroventricutarly administed ginsenoside Rb^ 

15 was very narrow and its practical use for clinical medi- 
cine was thought to be difficult. Moreover, the actual ap- 
plication of intracerebroventricularly infused ginseno- 
side Rb^ to humans appars to be impossible when we 
consider the balance between its risk and benefit. 

20 [0050] Generally, a neuroprotective factor or agent 
exhibits the maximum effect when directly administed 
into the cerebral ventricles or into the brain parenchyma, 
and in case of intravenous or intraperitoneal administra- 
tion, its effect and efficacy seem to drastically decrease 
or disappear due to the blood brain barrier that prevents 
the neuroprotective agent from entering the brain paren- 
chyma. Consequently, based on the experimental re- 
sults of intraperitoneal administration or intracerebrov- 
entricular administration of ginsenoside Rb-,, the effect 

30 and efficacy of intravenously infused ginsenoside could 
not be anticipated at alt. 

[0051 1 As clarified by the present invention , however, 
intravenous administration of ginsenoside Rb, reduces 
effectively the cerebral infarct area of rats with MCA per- 

35 manent occlusion in a wider dose range than in case of 
intracerebroventricular administration, and improves 
learning ability of the MCA-occluded animals. Ginseno- 
side Rbi is a purified saponin, which is contained in me- 
dicinal ginseng, but since it can not be detected in blood 
after oral administration, a pharmacological action of 
ginsenoside Rb^ per se has been substantially denied. 
However, according to the present example, It is clarified 
that intravenous administration of ginsenoside Rb-i has 
effect, efficacy and use independent of the medicinal 

^5 ginseng. 

[0052] Next, we conducted experiments to determine 
the preventive effect of ginsenoside Rb^ on peroxidation 
of nerve cell membrane lipids. 

[0053] According to the method of Peng et al. (Peng 
50 H. et al., J. Cercb. Blood Flow Metab., 18, 349-360, 
1998), cerebrocortical neurons from rats at embryonic 
age 1 7 were maintained in a scrum-free culture medium 
for 3 days, andthereafter the medium was replaced with 
a fr6sh culture medium containing or not containing gin- 
55 senoside Rb^ and the neurons were incubated for fur- 
ther 48 hours. Then the medium was changed to a fresh 
medium containing ferrous sulfate and ascorbic acid but 
not containing ginsenoside Rb^ and the neuronal culture 
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was maintained for 2 hours to generate hydroxy! radi- 
cals for giving an oxidative injury to neuronal membrane. 
The generated neuronal membrane lipid peroxide was 
determined by photometricaHy measuring a fixed 
amount of thiobarbituric acid (TBA) after solubilizing the 
cells with sodium dodecyl sulfate. 
[0054] An object of the present experiment is to ex- 
amine whether ginsenoside Rb^ can prevent peroxida- 
tion of cell membrane lipid within the concentration 
range (0.1 - 100 fg/ml) required for suppressing nerve 
cell necrosis caused by ferrous sulfate, or not. 
[0055] Results are shown in Fig. 5. From the experi- 
mental results, a preventive effect of ginsenoside Rb^ 
on the peroxidation of nerve cell membrane lipid could 
be slightly confirmed only at the concentration of 1 00 fg/ 
ml, and no preventive effects on lipid peroxidation were 
observed in the concentration range of 0.1 - 1 0 fglml, in 
which free radical damage caused by ferrous sulfate 
was reduced. Consequently, as reported in the previous 
papers (Lim J. -H., et al., Neurosci. Res., 28, 191-200, 
1997; Zhang B., et al., J. Stroke Cerebrovasc. Dis.. 7, 
1-9, 1998), ginsenoside Rb^ in the concentration range 
of 0,1 - 1 00 fg/ml, could surely reduce the neurotoxicity 
of free radicals. However, the prior hypothesis that sub- 
sequently ginsenoside Rb^ also Suppresses lipid perox- 
ide formation was found to be obviously incorrect. Con- 
sequently, the present experiment demonstrates a ne- 
cessity for the analysis of a new mechanism underlying 
the action of ginsenoside Rb^. 
[0056] For that purpose, we performed experiments 
to determine a suppressive action of ginsenoside Rb^ 
on nerve cell death (apoptosis). 
[0057] Cell death is classified roughly into necrosis 
and apoptosis depending on their morphological fea- 
tures. Concerning the nerve cell death, a concept for 
necrosis has been established. As for a concept for neu- 
ronal apoptosis, however, typical features such as those 
observed in lymphocytes are very rarely noted, although 
a similar phenomenon is observed in the matured brain 
under pathologic conditions. Consequently, in the 
present specification, gradually progressing nerve cell 
death, which is different from necrosis, is defined as "ap- 
optosis of nerve cells' or "apoptosis-like nerve cell 
death-. 

[0058] We recently found that as a result of a short 
time exposure of cultured nen/e celts (or neurons) to a 
nitric oxide (NO) donor, sodium nitroprusside (SNP), ap- 
optosis of nerve cells was induced (Toku K., et al., J. 
Neurosci. Res., 53, 41 5-425, 1998). Since a typical fea- 
ture of apoptosis was observed in this culture experi- 
ment, a suppressive effect of ginsenoside Rb^ on apop- 
tosis was judged with the use of this experimental sys- 
tem. 

[0059] After maintaining cerebrocortical nerve cells 
(neurons) from rats at embryonic age 1 7 in a serum-free 
culture medium for 4 or 5 days, the medium was re- 
placed with a fresh medium containing or not containing 
ginsenoside Rb^ and the neurons were incubated for 24 



hours. Then, SNP at the concentration of 100 M was 
added to the medium for 1 0 minutes, and the nerve cells 
(neurons) were maintained in a medium containing gin- 
senoside Rb-, for 16 hours. Survival rale of the nerve 
5 cells was measured by using a redox indicator, alamar 
blue. 

[0060] In the previous ferrous sulfate-loading experi- 
ments, ginsenoside Rb^ was added in advance to the 
culture medium and results were detennined. In the 

10 present experiments, ginsenoside Rb^ was added be- 
fore and after SNP loading or only after SNP loading, 
and its effects were measured. 
[0061] Results are shown in Fig. 6. In the right drawing 
of Fig. 6, results with SNP treatment are shown. Black 

'5 out columns show additions of ginsenoside Rb^ before 
and after SNP treatment, and columns with slant lines 
show an addition of ginsenoside Rb^ after treatment 
with SNP 

[0062] As shown in the left drawing of Fig. 6. in the 

20 case of no treatment with the nitric oxide (NO) donor, 
sodium nitroprusside (SNP), no significant effects of gin- 
senoside Rb^ on the metabolic activity of cultured nerve 
cells were observed. As a result of SN P treatment, nerve 
cell death (apoptosis) occurred without addition of gin- 

25 senoside Rb^ (the first column from the (eft in the right 
drawing of Fig. 6), but ginsenoside Rb^ in the concen- 
trations of 1 - 100 fg/ml significantly suppressed apop- 
tosis of nerve cells, even in the cases of its administra- 
tions before and after SNP treatment or only after SNP 

30 treatment. 

[0063] Results of the present experiments, in which 
ginsenoside Rb^ proved to suppress apoptosis of nerve 
cells even at the low concentrations such as 1 - 1 00 fg/ 
ml in the extracellular flu id, very low concentrations ever 

35 known before, actually demonstrated the possibility of 
applying ginsenoside Rb^ to the treatment or therapy of 
pathologic apoptosis-like nerve cell death for the first 
time in the world. 

[0064] Next, experiments for analyzing an action of 

40 ginsenoside Rb^ on BcI-Xl expression were performed. 
[0065] Bc1-Xl gene is expressed in many tissues such 
as tissues of mature brain, immune systems and circu- 
latory systems, and is proved to play important roles in 
the survival of cells (Adams J. M. and Cory S., Science, 

45 281, 1322-1326, 1998; Boise, L H., et al.. Cell. 74, 
597-608, 1993; Gottschalk A. R., et al., Proc. Natl. Acad. 
Sci. USA, 91 , 7350-7354, 1994; Gonzaiez-Garcia M., et 
at., Proc. Natl. Acad. Sci. USA, 92, 4304-4308, 1995). 
[0066] It was investigated whether ginsenoside Rb^ 

50 of the present invention can increase the expression of 
BcI-Xl gene or not. Experimental techniques followed 
those by Wen et al. (Won T -C, ct al., J. Exp. f^cd., 1 88, 
635-649, 1 998). Total RNA was extracted from cultured 
nen/e cells treated for 24 hours with ginsenoside Rb^ at 

55 the concentrations of 0 fg/ml, 1 fg/ml and 1 00 fg/mi. cD- 
NA was prepared from DNase-treated total RNA (3 |.l g) 
by using oligo dT primer and reverse transcriptase 
(Moloney murine leukemia virus reverse transcriptase). 
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Gene amplification reaction (polymerase chain reaction, 
PGR) was performed by using Taq polymerase under 
the following conditions: (1) 94^C, 2 minutes; (2) 94^C. 
1.5 minute; 55°C. 1.5 minute; 72**C, 2 minutes con- 
structed one cycle, and 25 cycles for BcI-Xl and 20 cy- 
cles for p-actin were performed; and (3) 72**C, 2 min- 
utes. 

[0067] PGR products were electrophoresed on 3% 
agarose gel and visualized by ethidium bromide stain- 
ing. The expression of p-actin mRNA was used as an 
internal standard. Results are shown in Fig. 7. 
[0068] In order to investigate whether ginsenoside 
Rb^ enhanced the expression of BcI-Xl protein in nerve 
cells or not, Western blotting using anti~Bcl-XL protein 
antibody was perfonned. After cuituring rat cerebrocor- 
tical neurons for 48 hours with or without ginsenoside 
Rb^, the neurons (nerve cells) were solubilized in a sam- 
ple buffer for electrophoresis and electrophoresed. 
Electrophorates were transferred to nitrocellulose mem- 
brane to perfomn Westem blotting. Results are shown 
in Fig. 8. 

[0069] Further, bands reacted with the anti-Bcl-x^ pro- 
tein antibody were quantified by using an image analyz- 
er Results are shown in Fig. 9. 

[0070] As shown in Fig. 7, in the cultured nerve cells 
treated with ginsenoside Rb^, at the concentration of 1 
fg/ml or 100 fg/ml, the expression of BcI-Xl mRNA was 
increased as compared witfi the control (0 fg/ml). Gin- 
senoside Rb^ in the concentration range of 1- 100 fg/ml 
exhibiting a suppressive effect on apoptosis-like nerve 
cell death, significantly increased the amount of neuro- 
nal BcI-Xl protein expression by approximately 50% 
(Fig. 8 and Fig. 9). 

[0071] Among bioactive substances facilitating the 
expression of BcI-Xl protein in nerve cells or neurons, 
interieukin 3 in the concentration range of 0.6 - 15.0 ng/ 
ml has been reported (Wen T. -C., el al., J. Exp. Med., 
188, 635-649, 1998). The upregulation by ginsenoside 
Rb^ of BcI-Xl protein expression was exhibited at far 
lower concentrations than that by interieukin 3, and was 
more potent than interieukin 3 whk;h could increase 
slightly the expression of BcI-Xl protein by about 10%. 
Interieukin 3 could exhibit a neuroprotective action only 
by direct intracerebroventhcular administration, but gin- 
senoside Rb-i was proved to protect cerebral nerve cells 
or cerebral neurons by intravenous administration in the 
experiment hereinbefore described (example 1). Con- 
sequently, ginsenoside Rb^ is the only one expression 
enhancer of Bcl-X|_ protein expression in the world at 
present among non-peptide neurotropic substances, 
which can be peripherally administered. Heretofore, no- 
body could expect that the non-peptide medicine 
showed a more potent activity for facilitating BcI-Xl pro- 
tein expression than the peptide factor (interieukin 3). 
Peptide factor, which can enhance even slightly the ex- 
pression of BcI-Xl protein in nerve cells, was only inter- 
ieukin 3, as far as we know. 

[0072] It is said that the mitochondrion-associated 



protein Bcl-x^ inhibits binding of Apaf 1 to procaspase ^ 
as a result of its binding with Apaf1 (Adams J. M. and 
Cory S., Science, 281 , 1322-1326, 1998). If a decrease 
or a functional decline of BcI-Xl protein occurs. Apafi is 

5 released from BcI-Xl protein to activate procaspase 9, 
concomitant with a leakage of cytochrome C from mito- 
chondria (Adams J. M. and Cory S., Science, 281, 
1322-1326, 1998). Once cytoplasmic procaspase 9 is 
activated, subsequently caspase 9 and caspaso 3 are 

10 activated, and a process, in which cells are autoly/ed 
by the actions of these proteases to enter apoptosis, is 
accelerated. At the stage activating procaspase 9, the 
cell appears to be committed to death, and therefore 
prevention or inhibition of the activation of procaspase 

15 9 by an enhancer of BcI-Xl protein expression (ginseno- 
side Rb^) is a wise method to preclude cell death. 
[0073] In order to analyze a suppressive effect of gin- 
senoside Rb^ on intracerebral apoptosis-like neuron 
death, the present inventors examined whether actually 

^0 occurring pathological apoptosis-like neuron death in 
the mature brain can be reduced by administration of 
ginsenoside Rb^ or not. The three minute forebrain 
ischemia model of gerbils was used as model animal. It 
was reported that at one week after 3 minute ischemia, 

^5 about one half of hippocampal CA1 pyramidal neurons 
degenerated (Sakanaka M., et al., Proc. Natl. Acad. Sci. 
USA, 95, 4635-4640, 1998). However, the present in- 
ventors demonstrated that fragmentation of nerve cell 
nuclei, an index of apoptosis-like cell death, in the re- 

30 maining nerve cells was further in progress at this mo- 
ment, using TUNEL staining (Wen T. -C, et al.. J. Exp 
Med.. 188. 635-649, 1998; Peng H., et al.. J. Cereb. 
Blood Flow Metab., 18, 349-360, 1998). With this model 
animal, it was examined with TUNEL staining whether 

35 apoptosis-like neuron death on the 7th day after 3 
minute ischemia could be suppressed by intracerebrov- 
entricular administration of ginsenoside Rb^ or not. 
[0074] Immediately after 3 minute forebrain ischemia 
in gerbils under inhalation anesthesia, a single intracer- 

"fo ebroventricular administration of ginsenoside Rb^ at the 
dose of 2.5 ng or25 ng was perfomned, and subsequent- 
ly ginsenoside Rb^ (60 ng/day or 600 ng/day) was con- 
tinuously infused into the cerebral ventricles through an 
osmotic minipump for 1 week. At one week after 3 

^5 minute forebrain ischemia, the gerbils were perfused 
and fixed transcardially with phosphate buffer contain- 
ing 4% paraformaldehyde under pentobarbital anesthe- 
sia and the brain was dissected out. The brain was em- 
bedded in paraffin, and paraffin sections 5 p. m thick 

50 were cut. TUN EL staining was performed in accordance 
with the conventional method. Control animals were in- 
fused with an equal amount of physiological saline. 
[0075] Results are shown in Fig. 1 0. Fig. 1 0(A) shows 
a control animal; (B) shows an animal administered with 

55 ginsenoside Rb^ in a dose of 60 ng/day; and (C) shows 
an animal administered with ginsenoside Rb^ in a dose 
of 600 ng/day. 

[0076] As shown in Fig. 10(A). in the hippocampal 
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CA1 field of gerbils loaded with 3 minute forebrain 
ischemia, a large number of TUNEL-positive neurons 
appeared at 1 week after ischemia. This suggests that 
the neurons are on the way of apoptosis-like cell death. 
As a result of the intracerebroventricular administration 
of ginsenoside Rb^ immediately after 3 minute forebrain 
ischemia, TUNEL-positive nerve cells were significantly 
reduced in a dose-dependent manner [Fig. 10(B), 10 
(C), 10(D)]. This indicates that the results of the culture 
experiments In examples 3 and 4 can be applied in vivo. 
It has already been reported that ginsenoside Rb., could 
not affect cerebral blood flow or brain temperature (Lim 
J. -H., etal.. Neurosci. Res., 28, 191-200, 1997; Zhang 
B., et al., J. Stroke Cerebrovasc. Dis., 7, 1-9. 1998). 
[0077] The above experimental results have demon- 
strated that preparations comprising ginsenoside Rb-, or 
Its salt for intravenous administration were effective at 
very low concentrations for therapy, prevention or treat- 
ment of brain and nervous diseases such as cerebrov- 
ascular dementia, cerebral infarction, cerebral apoplexy 
and transient cerebral ischemic attack (TIA). 
[0078] It has also been demonstrated that ginseno- 
side Rb^ or its salt suppresses apoptosis or apoptosis- 
like cell death at low extracellular concentrations of 1 
ng/m( or less, in more detail 1 pg/ml or less, in further 
more detail 1 - 1 00 fg/ml. Further, it has also been found 
that ginsenoside Rb^ or its salt promotes expression of 
the cell death-suppressing gene product BcI-Xl. 
[0079] Ginsenoside Rb-, or its salt is known as a com- 
ponent of medicinal ginseng and is very low in toxicity. 
[0080] The present invention provides clinically useful 
therapeutic or preventive agents for brain and nervous 
diseases. The therapeutic or preventive agents for brain 
and nervous diseases of the present invention are pref- 
erably in preparations for intravenous administration. To 
be more specific, the preparations for intravenous ad- 
ministration of the present invention and the brain cell- 
or nerve eel I- protective agents comprising ginsenoside 
Rb-, or its salt should be adjusted so that the extracellu- 
lar concentrations of ginsenoside Rb^ or its salt in lesion 
tissues are kept at 1 ng/ml or less, preferably at 1 pg/ml 
or less, and more preferably at 1 - 100 fg/ml. 

EXAMPLES 

[0081] The present invention will be explained in de- 
tail by concrete examples, but the present invention is 
not limited within these examples. 

Example 1 (Experiment on intravenous infusion of 
ginsenoside Rb^) 

[0082] Male SH-SP rats at the age of 12-13 weeks, 
weighing 250 - 300 g. were used. The animals were bred 
in a room furnished with 12 hours light and dark cycles 
and water and feeds were supplied ad libitum. Blood 
pressure of the animals was 203±6 9 mmHg. The fol- 
lowing experiments were conducted in accordance with 



the Guide for Animal Experimentation at Ehime Univer- 
sity School of Medicine. The cortical branch of the left 
middle cerGbral artery (MCA) of SH-SP rats, were co- 
agulated and cut. while their rectal temperature was 

5 maintained at 37±0.2^0 under inhalation anesthesia. 
[0083] Immediately after MCA permanent occlusion, 
60 p. I of physiological saline containing ginsenoside Rb^ 
at a concentration of 1 ^ g / |i I or 0. 1 g / ji I was injected 
once into the left femoral vein. Then a catheter connect- 

10 ed to an Alza osmotic minipump implanted subcutane- 
ously in the back of each animal was inserted into the 
same vein from the point of the single injection of gin- 
senoside Rb^. Physiological saline containing ginseno- 
side Rb^ was filled in advance in the said osmotic min- 

'5 ipump, and ginsenoside Rb^ in a dose of 60 ^g /day or 
6 p. g /day was continuously infused into the blood 
stream through the catheter placed In the left femoral 
vein for 28 days. Flow rate of the ginsenoside Rb^ -con- 
taining solution was 0.25 |i l/hour 

20 [0084] Control animals with MCA pemnanent occlu- 
sion (ischemic control animals) and sham-operated an- 
imals received the same amount of physiological saline. 
[0085] After the MCA pemnanent occlusion according 
to the conventional method (Zhang B. et al., J. Stroke 

25 Cerebrovasc. Dis., 7. 1 -9, 1 998), water maze tests were 
performed for 4 days at the 2nd week and the 4th week, 
respectively, and place navigation abilities of SH-SP 
rats were detenrtined. 

[0086] Results are shown in Fig. 1 . The left drawing 

30 of Ftg. 1 . is the results of the 2nd week and the right 
drawing is the results of the 4th week after pemnanent 
MCA occlusion. In Fig. 1 , closed circles (•) indicate the 
results of rats with sham operation; and open circles (O) 
indicate the results of MCA-occluded rats administered 

35 with only physiological saline; closed squares (■) indi- 
cate the results of MCA-occluded rats administered with 
ginsenoside Rb^ in a dose of 6 ^ g /day and open 
squares (Q indicate the results of MCA-occluded rats 
administered with ginsenoside Rb^ in a dose of 60 g 

40 /day. Data are represented as a mean±SE. Statistical 
analyses were conducted by ANOVA + Fisher's PLSD. 
[0087] No significant differences in swimming speed 
were observed among the four experimental groups. 
[0068] After termination of the water maze tests at the 

45 4th week, the SH-SP rats were anesthetized with chloral 
hydrate, and they were perfused and fixed transcardially 
with 0.1 mole phosphate buffer containing 4% parafor- 
maldehyde. The brains were dissected out and cerebro- 
cortical inf arcted areas were photographed. Areas of the 

50 left cerebral hemisphere and the left cerebrocortical in- 
farct lesions were measured on the photographs by us- 
ing an image analysis device. The left cerebrocortical 
infarcted areas were divided by the left cerebral hemi- 
spheric areas to calculate ratios of the cerebrocortical 

55 infarction (%). Results are shown in Fig, 2. 

[0089] An actual case of a cerebral infarct lesion of 
the group administered with physiological saline and an 
actual case of a cerebral infarct lesion of the ginseno- 
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side Rbi (6 \\ g /day)-administered group are shown in 
Fig.3A and Fig. 38, respectively. 
[0090] Fig 4 is a schennatic drawing summarizing the 
results of the present experiments, in rats administered 
with physiological saline, the size of cerebral infarction 
remained large, and in the water maze tests, it took a 
long time for the rats to escape onto the goal platform. 
Contrary, in rats administered with ginsenoside Rb^ of 
the present invention, the infarct area was recovered 
and reduced, and as a result, in the water maze tests, 
only a short time was required for the rats to arrive at 
the goal platform. 

Example 2 (Experiments on a preventive effect of 
ginsenoside Rb^ on peroxidation of neuronal membrane 
lipids) 

[0091 ] Cerebrocortical neurons from rats at embryon- 
ic age 17, were matnlained in a serum-free culture me- 
dium for 3 days, and thereafter the medium was re- 
placed with a fresh culture medium containing ginseno- 
side Rbi at the concentrations of 0.1 fg/ml, 1 fg/ml, 10 
fg/ml. 1 00 fglml and 1 000 fg/ml or not containing ginse- 
noside Rb^ (0 fg/ml) and the neurons were incubated 
for further 48 hours. Then the medium was changed to 
a fresh medium containing ferrous sulfate and ascorbic 
acid but no ginsenoside Rb^, and the neuronal culture 
was maintained for 2 hours to generate hydroxyl radi- 
cals for giving oxidative injury to neuronal membrane. 
The generated neuronal membrane lipid peroxide was 
photometrically determined by measuring the fixed 
amount of thiobarbituric acid (TBA) after solubilizing the 
cells with sodium dodecyl sulfate, 
[0092] Results are shown in Fig. 5. From the experi- 
mental results, a preventive effect of ginsenoside Rb^ 
on peroxidation of nerve cell membrane lipid could be 
slightly confirmed only at the concentration of 1 00 fg/ml, 
and no preventive effects on lipid peroxidation were ob- 
served in the concentration range of 0.1 - 10 fg/ml. in 
which free radical damage caused by ferrous sulfate 
was reduced. 

Example 3 [Experiments forjudging a suppressive 
action of ginsenoside Rb^ on nen/e cell death 
(apoptosis)] 

[0093] After maintaining cerebrocortical nerve cells 
(neurons) from rats at embryonic age 1 7 in a serum-free 
culture medium for 4 or 5 days, the medium was re- 
placed with a fresh medium containing ginsenoside Rb^ 
at the concentrations of 1 fg/ml, 1 00 fg/ml and 1 00 pglml 
or no ginsenoside Rb^ (0 fg/ml), and the neurons were 
incubated for 24 hours. Thereafter a nitric oxide (NO) 
donor, sodium nitropmsside (SNP) at a concentration of 
1 00 |x was added to the medium for 1 0 minutes. Then 
the nerve cells (neurons) were maintained in a medium 
containing ginsenoside Rb^ for 16 hours. Survival rate 
of the nerve cells was measured by using a redox indi- 



cator, alamar blue. 

[0094] Results are shown in Fig. 6. In the left drawing 
of Fig. 6, results without SNP treatment are shown; gin- 
senoside Rb^ did not affect the (metabolic) activity of 

5 neurons without SNP treatment. In the right drawing of 
Fig. 6, results with SNP treatment are shown. Black out 
columns show an addition of ginsenoside Rb-, before 
and after SNP treatment, and columns with slant lines 
show an addition of ginsenoside Rb^ after treatment 

w with SNP. Data are represented as a mean±SE. Statis- 
tical analyses were conducted by ANOVA + Fisher's 
PLSD. Asterisks indicate significant differences against 
the cases without addition of ginsenoside Rb^ (* p<0.05, 
p<0.01). 

15 [0095] As shown In the loft drawing of Fig. 6, in the 
case of no treatment with the nitric oxide (NO) donor, 
sodium nitroprusside (SNP) , no significant effects of gin- 
senoside Rb^ on the metabolic activity of cultured ner^e 
cells were observed. As a result of SNP treatment, nerve 

20 cell death (apoptosis) occun-ed without addition of gin- 
senoside Rb^ (the first column from the left in the right 
drawing of Fig. 6), but ginsenoside Rb^ in the concen- 
tration range of 1 - 100 fg/ml significantly suppressed 
apoptosis of nerve cells, and even in the cases of its 

25 administrations before and after SNP treatment or only 
after SNP treatment. 

Example 4 (Experiments for analyzing an action of 
ginsenoside Rb^ on BcI-Xl expression) 

30 

[0096] In order to investigate whether ginsenoside 
Rb^ of the present invention can increase the expres- 
sion of Bcl-Xi_ gene or not, total RNA was extracted from 
cultured nerve cells treated for 24 hours with ginseno- 

35 side Rb^ at the concentrations of 0 fg/ml, 1 fg/ml and 
100 fg/ml, in accordance with the experimental tech- 
niques of Wen et al. (Wen T -C., et al., J. Exp. Med., 
188, 635-649, 1 998). cDNA was prepared from DNase- 
treated total RNA (3 \i g) by using oligo dT primer and 

40 reverse transcriptase (Moloney murine leukemia virus 
reverse transcriptase). cDNA was amplified by PGR. 
The PGR was perfonned with the use of Taq polymerase 
under the following conditions: (1 ) 94°C, 2 minutes; (2) 
94**G. 1.5 minute; 55*^0, 1.5 minute; 72'C, 2 minutes 

45 constructed one cycle, and 25 cycles for BcI-Xl and 20 
cycles tor p-actin were performed; and (3) 72*C, 2 min- 
utes. 

[0097] PGR products were electrophoresed on 3% 
agarose gel and visualized by an ethidium bromide 

50 staining. The expression of p-actin mRNA was used as 
an internal standard. Results are shown in Fig. 7, 
[0098] In addition, in order to investigate whether or 
not ginsenoside Rb^ enhanced the expression of BcI-Xl 
protein in nerve cells, Westem blotting using anti-Bcl-x^ 

55 protein antibody was perfonned. After culturing rat cer- 
ebrocortical neurons for 48 hours with or without ginse- 
noside Rb^, the neurons (nerve cells) were solubilized 
in a sample buffer for electrophoresis and electro- 
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phoresed- The electrophorates were transferred to ni- 
trocellulose membrane to perfonm Western blotting. Re- 
sults are shown in Fig. 8. 

[0099] Further, bands reacted with the anti-BcI-XL pro- 
tein antibody were quantified by using an innage analyz- 
er. Results are shown in Fig. 9 Statistical analyses were 
conducted by ANOVA + Fisher's PLSD. Asterisks in the 
figure Indicates significant differences (** p<0.01) 
against the cases without addition of ginsenoside Rb^. 
[0100] As shown in Fig 7, in the cultured nerve cells 
treated with ginsenoside Rb^ at the concentration ot 1 
fg/ml or 100 fg/ml, the expression of BcI-Xl mRMA was 
increased as connpared with the control (0 fg/ml). Gin- 
senoside Rb^ in the concentration range of 1 - 100 fg/ 
ml exhibiting a suppressive effect on apoptosis-ltke 
nerve cell death, significantly increased the amount of 
BcI-Xl protein expression in apoptosis-like nerve celts 
by about 50% (refer to Fig 9). 

Exannple 5 (Analysis of a suppressive effect of 
ginsenoside Rb-j on intracerebral apoptosis-like neuron 
death) 

[0101] Immediately after 3 minute forebrain ischemia 
in gerbils under inhalation anesthesia, a single intracer- 
ebroventricular administration of ginsenoside Rb^ at the 
dose of 2.5 ngor25 ng wasperfomned, and subsequent- 
ly ginsenoside Rb^ (60 ng/day or 600 ng/day) was con- 
tinuously infused into the cerebral ventricles for 1 week 
through an osmotic minipump. At one week after 3 
minute forebrain ischemia, the gerbils were perfused 
and fixed transcardialiy with phosphate buffer contain- 
ing 4% paraformaldehyde under pentobarbital anesthe- 
sia and the brain was dissected out. The brain was em- 
bedded in paraffin, and paraffin sections 5 \i m thick 
were cut. TUNEL staining was perfomned in accordance 
with the conventional method. Control animals were in- 
fused with an equal amount of physiological saline. 
[0102] Results are shown in Fig. 10. Statistical anal- 
yses in Fig. 10 (D) were conducted by Mann-Whitney's 
U-test. Fig. 1 0(A) shows a control animal; (B) shows an 
animal administered with ginsenoside Rb^ in a dose of 
60 ng/day; and (C) shows an animal administered with 
ginsenoside Rb-i in a dose ot 600 ng/day. 
[0103] As shown in Fig 10(A), in the hippocampal 
CA1 field of gerbils loaded with 3 minute forebrain 
ischemia, a large number of TUNEL-posilive neurons 
appeared at 1 week after ischemia. This suggests that 
the neurons are on the way of apoptosis-like cell death. 
As a result of the intracerebroventricular administration 
of ginsenoside Rb^ immediately after 3 minute forebrain 
ischemia, TUNEL-positivc nerve cells were significantly 
reduced in a dose-dependent manner [Fig. 10(B): 10 
(C), 1 0(D)]. This indicates that the results of the culture 
experiments in examples 3 and 4 can be applied in vivo. 
It has already been reported that ginsenoside Rb^ can 
not affect cerebral blood flow or brain temperature (Lim 
J. -H., et al., Neurosci. Res., 28. 191-200, 1997; Zhang 



B., et aL. J. Stroke Cerebrovasc. Dis., 7, 1-9. 1998). 
Industrial Applicability 

5 [0104] The present invention provides extremely ef- 
fective preparations comprising ginsenoside Rb^ at low 
extracellular concentrations in lesion for the therapy, 
treatment or prevention of brain and nervous diseases 
such as cerebral infarction, cerebral hemorrtiage, sub- 

10 arachnoidal hemorrhage, cerebral embolism or tran- 
sient cerebral ischemic attack at acute or chronic phase, 
and provides neuroprotective agents or preparations for 
intravenous administration comprising ginsenoside Rb-| 
at low extracellular concentrations in lesion. Namely, the 

15 present invention relevant to ginsenoside Rb^ provides 
drugs that can be intravenously administered by drip in- 
fusion to a patient suspected to have cerebral apoplexy 
even in an ambulance car Since in a case of acute cer- 
ebral apoplexy the lesion frequently becomes worse 

20 within 2 weeks after the onset of brain attack, if ginse- 
noside Rb^ of the present invention can be administered 
at least within this period (for example for one day or 14 
days), a sufficient effect can be expected. Further, as a 
result of practical use of ginsenoside Rb., in clinical med- 

25 icine, surgical applications to cerebral angioplasty and/ 
or reperfusion in patients with cerebral apoplexy would 
be expanded. 

[0105] The pharmaceutk^al composition comprising 
ginsenoside Rb-| or its salt of the present invention en- 

30 hances the expression of Bcl-X|_ protein and thus ap- 
pears to be effective for other primary and secondary 
neurodegenerative diseases accompanied with apopto- 
sis-fikenen/e cell death (Alzheimer's disease, Pick's dis- 
ease, spinocerebellar degeneration, Parkinson's dis- 

35 ease, chorea, glaucoma, amyotrophic lateral sclerosis, 
senile macular degeneration, AIDS encephalopathy, 
hepatic encephalopathy, diabetic retinopathy, encepha- 
litis, cerebral palsy, retinal detachment, head or brain 
injury, spinal cord injury, demyelinating diseases, neo- 

^0 natal asphyxia, peripheral nerve diseases, retinal pig- 
ment degeneration, etc.). 

[0106] The pharmaceutical composition of the 
present invention provides a drug with high safety since 
it has little adverse effect, 

^5 [0107] The present invention discloses that ginseno- 
side Rb., suppresses apoptosis or apoptosis-like cell 
death by promoting the expression of Bc1-Xl protein at 
low extracellular concentrations in lesion, which has 
never been known in the past. This fact indicates that 

50 ginsenoside Rb.| is effective for not only central nervous 
system (CMS) diseases but also peripheral tissue dis- 
eases accompanied with apoptosis or apoptosis-like 
cell death (for example, rejection after organ transplan- 
tation, cardiac insufficiency or heart failure, cardiomy- 

55 opathy, ischemia-reperfusion injury of heart, liver and 
kidneys, glossodynia, myocardial infarction, radiation 
injury, peripheral artery occlusion, peripheral circulatory 
failure, bedsore, corneal injury, autoimmune diseases 
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and immunodeficiency) or protection of organs and tis- 
sues for transplantation. For the therapy or treatment of 
these peripheral tissue diseases, smaller amounts of 
ginsenoside Rb^ than those used for CNS diseases can 
exhibit sufficient effect and efficacy. In addition, the 
pharmaceutical composition comprising ginsenoside 
Rb^ or its salt of the present invention can be used as 
preparations not only for intravenous administration but 
also lor oasal drops, inhalation, sublingual tablets, sup- 
positories, preparation for topical application, external 
preparations for skin, preparations for oral administra- 
tion, eye drops, spreading for local application, intra- 
muscular injection, subcutaneous injection and intracu- 
taneous injection Further, the phannaceutical compo- 
sition of the present invention can be used as prepara- 
tions for oral administration by mixing, encapsulating or 
binding ginsenoside Rb^ with carriers which can inhibit 
decomposition in the digestive tract or stimulate absorp- 
tion in the digestive tract. 



Claims 

1 . A pharmaceutical composition comprising ginseno- 
side Rb^ or its salt and can-iers for intravenous ad- 
ministration. 

2. The pharmaceutical composition according to claim 

1, wherein the concentration of ginsenoside Rb^ or 
its salt in extracellular fluid in lesion is 1 ng/ml or 
less. 

3. The phannaceutical composition according to claim 

2, wherein the cells are brain cells or nerve cells. 

4. The pharmaceutical composition according to any 
one of claims 1 -3 comprising preparations for single 
intravenous administration or continuous intrave- 
nous administration. 

5. The phannaceutical composition according to any 
one of claims 1-4 comprising the phannaceutical 
composition for promoting the expression of a cell 
death-inhibitory gene product BcI-Xl. 

6. The phannaceutical composition according to any 
one of claims 1-4 comprising the pharmaceutical 
composition for inhibiting apoptosis or apoptosis- 
like cell death. 

7. The pharmaceutical composition according to any 
one of claims 1-4 comprising the pharmaceutical 
composition tor therapy, prevention or treatment of 
brain and nervous diseases. 

8. The pharmaceutical composition according to claim 
7, wherein the brain and nervous diseases are cer- 
ebrovascular dementia, cerebral infarction, cere- 



bral apoplexy or transient cerebral ischemic attack. 

9. Preparations for therapy, prevention or treatment of 
brain and nervous diseases comprising ginseno- 

5 side Rb^ or its salt. 

10. The preparations for therapy, prevention or treat- 
ment according to claim 9, wherein the brain and 
nervous diseases are cerebrovascular dementia, 

10 cerebral infarction, cerebral apoplexy or transient 
cerebral ischemic attack. 

11. Brain cell- or nerve cell-protective agents or prepa- 
rations comprising ginsenoside Rb^ or its salt. 

15 

1 2. Agents or preparations comprising ginsenoside Rb^ 
or its salt for promoting the coll death-inhibitory 
gene product Bcl-X|_. 

20 13. Agents or preparations comprising ginsenoside Rb^ 
or its salt for inhibiting apoptosis or apoptosis-like 
cell death. 

14. The preparations or agents for therapy, prevention 
25 or treatment according to any one of claims 9-1 3, 

wherein the concentration of ginsenoside Rb^ or its 
salt in extracellular fluid in lesion is 1 ng/ml or less. 

15. The preparations or agents for therapy, prevention 
30 or treatment according to claim 1 4, wherein thecon- 

centration of ginsenoside Rb^ or its salt in extracel- 
lular fluid in lesion is 1-100 fg/ml. 

16. A method for therapy, prevention or treatment of 
35 brain and nervous diseases comprising administer- 
ing effective amounts of ginsenoside Rb^ or its salt. 

1 7. The method for therapy, prevention or treatment ac- 
cording to claim 16, wherein the brain and nervous 

40 diseases are cerebrovascular dementia, cerebral 
infarction, cerebral apoplexy or transient cerebral 
ischemic attack. 

1 8. The method for therapy, prevention or treatment ac- 
^5 cording to claim 1 6 or claim 1 7, wherein the admin- 
istration is intravenous administration. 

19. Use of ginsenoside Rb-, or its salt for manufacturing 
the preparations for therapy, prevention or treat- 

50 ment of brain and nervous diseases. 

20. Use according to claim 19, wherein the prepara- 
tions for therapy, prevention or treatment is a prep- 
aration for intravenous administration. 

55 
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(57) Preparations for efficaciously administering 
ginsenoside Rb-| or rts salt useful as cell-protective 
agents. More particularly, medicinal compositions for in- 
hibiting apoptosis or apoptosis-like cell death or medic- 
inal compositions for promoting the expression of a cell 
death inhibitory gene product BcI-Xl which contain gin- 
senoside Rb-i or its salt; and preparations for intrave- 
nous administration which contain ginsenoside Rb^ or 



its salt. The above medicinal compositions contain gin- 
senoside Rb^ or its salt at a low concentration, prefera- 
bly 1 ng/ml or less and still preferably 1 to 100 fg/ml. 
These compositions have effects of promoting the ex- 
pression of the eel! death inhibitory gene product Bcl-X|_ 
and inhibftingapoptosis orapoptosis-like cell death. The 
above preparations for intravenous administration are 
useful in treating or preventing, in particular, brain and 
nervous diseases. 
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Description 

Technical Field 

[0001] The present invention relates to ginsenoside 
Rb^ or its salt useful as cell-protective (cytoprotective) 
agents. More particularly, the present invention pertains 
to pharmaceutical compositions comprising ginseno- 
side Rbi or its salt for inhibiting apoptosis or apoptosis- 
like cell death or pharmaceutical compositions compris- 
ing ginsenoside Rb^ or its salt for promoting the expres- 
sion of a cell death-inhibitory or antiapoptotic gene prod- 
uct Bcl-Xi_. More further particularly^ the present inven- 
tion pertains to pharmaceutical compositions coprlstng 
ginsenoside Rb^ or its salt for intravenous administra- 
tion. 

Background Art 

[0002] Originally, methods for treatment of cerebral 
apoplexy (cerebral vascular diseases) are different 
among cerebral infarction, cerebral embolism, cerebral 
hemorrhage, transient ischemic attack and subarach- 
noid hemorrhage, and strictly, no effective counter- 
measure can be taken unless a cerebral CT inspection 
is perfomned. For example, thrombolytic agents can be 
used only tor the treatment of cerebral infarction and 
cerebral embolism and are regarded as a contraindica- 
tion for the treatment of cerebral hemorrhage However, 
cerebral apoplexy is a serious disease resulting in a per- 
manent disorder of higher functional activities or threat- 
ening the survival of patients, if no treatment is per- 
fonned for protecting nerve cells or neurons at risk in 
the lesion site as early as possible. Consequently the 
treatment should be initiated without a moment's delay. 
Even the period of time for the CT inspection of brain is, 
to put it strongly, a factor to make the possibility ot re- 
covery smaller for the patients with cerebral apoplexy. 
Surely, the treatment of acute cerebral apoplexy is a 
struggle against not only cerebral apoplectic lesion but 
also a time after its onset. Quite unfortunately, at 
present, whatever the disease type of cerebral apoplexy 
(cerebral infarction, cerebral hemon^hage, cerebral em- 
bolism, subarachnoidal hemorrhage and transient 
ischemic attack) is, it is the actual condition that few 
dnjgs showing a potent effect. If administered immedi- 
ately after the onset of cerebral apoplexy are known. 
[0003] Ginsenoside Rb-, is a compound having the fol- 
lowing chemical structure; 




75 

Ginsenoside Rb^ is a known compound with references, 
for example, by Shibata ot al. (Shibata et al., Economic 
and medicinal plant research = World Scientific, Philadel- 
phia, pp. 217-284, 1985). 

20 [0004] Intraperitoneal administraction of ginsenoside 
Rb^ has been reported to show a tranquilizing action on 
the brain (Yoshlmura H. et al., Eur. J. Phamnacol., 146, 
291-197, 1988), but no mechanism of the action has 
been elucidated. In the central nervous system, the pos- 

25 sibility has been raised that a mixture of ginsenoside 
Rb^ and ginsenoside Rg-| (or ginsenoside Rb^ or ginse- 
noside Rg^ at the extracellular concentration from IQ-^M 
to 10-7 shows some effect for Alzheimer's disease 
as a result of activating acetylcholine-containing nerve 

30 cells (US Patent No. 5,1 37,878; Composition and meth- 
od for treatment of senile dementia). However, since it 
can not be said that the main cause of Alzheimer's dis- 
ease is a functional disturbance of acetylcholine-con- 
taining nery/e cells, this hypothesis has many problems 

35 to be solved. 

[0005] In addition, the nerve cell-protective or neuro- 
protective action by a single use of ginsenoside Rb^ has 
scarcely been elucidated until the studies on ginseno- 
side Rb^ was initiated by us. We have studied until now 

40 to show a protective action of ginsenoside Rb^ for the 
cells other than acetylcholine-containing nerve cells us- 
ing the transient forebrain ischemia model of gerbils. It 
has been proved that in this forebrain ischemia model 
animal, occlusion of the bilateral common carotid arter- 

^5 ies for 3 to 5 minutes while maintaining the brain tem- 
perature at 37°C results In a neuronal loss of the hip- 
pocampal CA1 pyramidal cells (containing no acetyl- 
choline) within one week after ischemia depending on 
the occlusion lime (this event is called delayed neuronal 

50 death), and that the learning behavioral function of the 
ischemic animals is deteriorated (Wen T.-C. et al., Acta 
Neuropathol., 91 , 15-22, 1 996). These facts mean that 
the transient forebrain ischemia model of gerbils reflects 
the human pathologic condition of transient ischemic at- 

55 tack (TIA). 

[0006] We have proved that administering ginseno- 
side Rb^ (10 mg/kg or 20 mg/kg) into the peritoneal cav- 
ity of gerbi! once a day for one week in advance can 
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significantly prevent delayed neuronal death and learn- 
ing disability caused by occlusion of the common carotid 
arteries for 5 minutes (Wen T.-C. et al.. Acta Neu- 
ropathol.; 91, 15-22. 1996). However, intraperitoneal 
administration of ginsenoside Rb^ immediately after 3- 
or 5-minute occlusion of the common carotid arteries 
showed no effect (Wen T.-C. ot al., Acta Neuropathol., 
91, 15-22, 1996; Lim J.-H. et al., Neurosci. Res.. 28, 
191-200, 1997). Consequently, since transition rate and 
transportation rate to brain of peripherally (intraperito- 
neally) administered ginsenoside Rb^ are thought to be 
very low, no clinical application of ginsenoside Rb^ was 
kept in mind at that stage in view of the protection of 
hippocampal CA1 pyramidal neurons. 
[0007] It has been reported that intracerebroventricu- 
lar infusion of ginsenoside Rb^ starting immediately af- 
ter occlusion of the common carotid arteries for 3 or 3,5 
minutes in place of the above peripheral (intraperito- 
neal) administration suppresses the delayed neuronal 
death and learning disability (Lim J.-H. et al., Neurosci. 
Res., 28, 191-200, 1997). Further, in spontaneous hy- 
pertensive stroke-prone (SH-SP) rats with permanent 
occlusion of the cortical branch of the left middle cere- 
bral artery (MCA) (cerebral infarction model of rats), in- 
tracerebroventricular infusion of ginsenoside Rbi start- 
ing immediately after permanent occlusion of the MCA 
caused a significant reduction of the inlarcted area in 
the cerebral cortex and ameliorated the ischemia-in- 
duced place navigation disability of the animals (Zhang 
B. et al., J. Stroke Cerebrovasc. Dis.. 7. 1-9. 1998). 
[0008] Even though ginsenoside Rb^ is effective in 
the direct intracerebroventricular infusion, however, it 
appears impossible to apply ginsenoside Rb^ to human 
transient cerebral ischemic attack (TIA) and cerebral in- 
farction due to the problems in the route of administra- 
tion, similarly to other peptide growth factors (Sakanaka 
M. et al , Proc- Natl. Acad. Sci. USA, 95. 4635-4640, 
1998; Wen T. -C. et al.. J. Exp. Med., 188, 635-649. 
1998). 

[0009] Conceming the mechanism of neuroprotective 
action by peripheral (intraperitoneal) administration of 
ginsenoside Rb^ , we have reported that a culture medi- 
um previously admixed with a low concentration (1 - 1 00 
fg/ml) of ginsenoside Rb-i reduces neuronal necrosis 
caused by a hydroxyl radical inducer (feaous sulfate) 
(Lim J.-H. et al., Neurosci. Res., 28, 191-200. 1997; 
Zhang B. et al., J. Stroke Cerebrovasc. Dis., 7. 1-9, 
1998). We have presumed that ginsenoside Rb^ de- 
creases cell membrane lipid peroxides as a result of 
scavenging hydroxyl radicals to protect cultured nerve 
cells, but up to now no one proved this hypothesis. 
[0010] Several reports concerning the neuroprotec- 
tive effect of ginsenoside Rb^ have been made in culture 
experiments. For example, high concentrations (0.11-11 
|i g/ml) of ginsenoside Rbi reduce glutamate-mediated 
neurotoxicity to prevent neuronal cell death (Kim Y.-C. 
et al., J. Neurosci Res., 53, 426-432, 1 998), and a high- 
er concentration, approximately 500 (i M (550 |i g/ml) of 



ginsenosi'ide Rb^ has a possibility to prevent apoptosis- 
like nen/e cell death (Tanaka T. et al. , The Ginseng Re- 
view, 24, 61-65, 1998). However, according to the re- 
sults of our culture experiments, high concentrations of 
5 ginsenoside Rb^ has shown an increased neurotoxicity 
(Lim J.-H. et al., Neurosci. Res., 28, 191-200, 1997; 
Zhang B. et al., J. Stroke Cerebrovasc Dis., 7, 1-9, 
1998). 

[0011] Furthennore, such high concentrations of gin- 
^0 senosideRb^can not be realized in an extracellular fluid 
in vivo, and we speculate that an administration of a 
large amount of ginsenoside Rb^ into a human body to 
maintain the high extracelular concentrations of ginse- 
noside Rbi is impossible considering cost and adverse 
'5 effects. Actually, from our experimental results, it has 
been proven that a high dose of ginsenoside Rb^ can 
not always provide preferable efficacy and effectiveness 
(Zhang B. et al., J. Stroke Cerebrovasc. Dis., 7, 1-9, 
1998), 

20 [0012] In conclusion, the mechanism of neuroprotec- 
tion by ginsenoside Rb^ has not been elucidated yet. If 
the action mechanism of ginsenoside Rb^ can be made 
clear, it is expected to find out new efficacies and appli- 
cabilities of the same agent. Further, it has not been clu- 

25 ctdated whether or not ginsenoside Rb^ actually inhibits 
apoptosis-like cell death at low concentrations. 
[0013] We have found that ginsenoside Rb^, at such 
a markedly low concentration range never reported in 
the worid as 1 fg/ml to 1 00 fg/ml, suppresses apoptosis- 

30 like nerve cell death by increasing the expression of a 
cell death-suppressing gene product BcI-Xl- Namely we 
have found in the present invention that ginsenoside 
Rbi is the only one non-peptidic BcI-Xl expression stim- 
ulator in the worid. Although ginsenoside Rb^ at the con- 

35 centration of 1 00 fg/ml showed a slight suppressive ac- 
tion on the formation of lipid peroxides, no such effect 
was observed at a lower concentration range. Conse- 
quently, the hypothesis heretofore presented in relation 
to the action mechanism of ginsenoside Rb^ was found 

40 inappropriate. We have further found that ginsenoside 
Rb^ suppresses apoptosis-like nerve cell death in vivo, 
and completed the present invention. 
[0014] Namely, we have found that intravenous ad- 
ministration of ginsenoside Rb-t exhibits unexpectedly a 

45 superior suppressive action against cerebral infarction 
and ameliorates infarction-induced place navigation dis- 
ability. 

[0015] An object of the present invention is to provide 
drugs or pharmaceutics which exhibit a superior thera- 

50 peutic effect on patients with cerebral infarction and a 
suppressive action for cerebrovascular dementia, and 
protect cells by facilitating an expression of the celt 
death-suppressing gene product Bcl-x^. 
[0016] Another object of the present invention is to 

55 provide preparations for efficaciously administering gin- 
senoside Rb^ or its salt useful as cytoprotective agents. 
[0017] More particularly, further object of the present 
invention is to provide pharmaceutical compositions 
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comprising ginsenoside Rb^ or its salt for inhibiting ap- 
optosis or apoptosis-like cell death or pharmaceutical 
compositions comprising ginsenoside Rb^ or its salt for 
promoting an expression of the cell death-inhibitory 
gene product BcUXl 

[001 81 Still further object of the present invention is to 
provide preparations comprising ginsenoside Rb^ or its 
salt for intravenous administration useful for the therapy, 
prevention or treatment of brain and nerve diseases. 

Disclosure of Invention 

[0019] The present invention relates to pharmaceuti- 
cal compositions comprising low concentrations of gin- 
senoside Rb^ or its salt for inhibiting apoptosis or apop- 
tosis-like cell death. 

[0020] The present invention further relates to phar- 
maceutical cotv\positions comprising low concentvations 
of ginsenoside Rb^ or its salt for promoting expression 
of the cell death suppressing gene product BcI-Xl. 
[0021] The pharmaceutical composition of the 
present invention is preferably preparations for intrave- 
nous administration, but other routes of administration 
can cp\ionaily be selccVed. 

[0022] The present invention still further relates to 
pharmaceutical compositions comprising ginsenoside 
Rb^ or its salt preferably at low extracellular concentra- 
tions in lesion for the therapy, prevention or treatment 
of brain and nervous diseases, and more preferably the 
present invention relates to preparations comprising 
ginsenoside Rb, or its salt for intravenous administra- 
tion for the therapy, prevention or treatment of the above 
diseases. Further, the present invention pertains to the 
hereinbefore described preparations for intravenous ad- 
ministration for the therapy, prevention or treatment of 
brain and nervous diseases, protective agents or prep- 
arations for brain cells or nerve cells, methods for treat- 
ing or preventing these brain diseases, and to the use 
of ginsenoside Rb^ or its salt for producing these phar- 
maceutical compositions. 

Brief Description of Drawings 

[0023] 

Fig. 1 shows the results of water maze tests. The 
left drawing in Fig. 1 shows the results of water maze 
tests at the second week after f^CA occlusion and 
the right drawing shows the results of water maze 
tests at the fourth week after MCA occlusion. In Fig. 
1 , closed circles (•) indicate the results of rats with 
sham operation; and open circles (O) indicates the 
results of MCA-occluded rats infused with only 
physiological saline; closed squares (■) indicate the 
results of MCA-occluded rats infused with ginseno- 
side Rb^ in a dose of 6 |.l g/day and open squares 
({J} indicate the results of MCA-occluded rats in- 
fused with ginsenoside Rb^ in a dose of 60 [i g/day. 



Fig. 2 is a figure showing ratios of cerebrocortical 
infarction. 

Fig. 3 is a photograph showing infarcted lesion in 
the cerebral cortex. A: MCA-occluded rat infused 

5 with physiological saline and B: MCA-occluded rat 
infused with ginsenoside Rb^ in a dose of 6 g/day. 
Fig. 4 is a schematic drawing summarizing the re- 
sults of example 1 hereinbelow described. 
Fig. 6 is a drawing, which shows a very weak pre- 

^0 ventive effect of ginsenoside Rb^ on peroxidation of 
membrane lipids. 

Fig. 6 is a graph showing an inhibitory action ot gin- 
senoside Rb^ on nerve cell death (apoptosis) 
caused by sodium nitroprusside (SNP). In the left 

^5 drawing of Fig. 6, resutts without SNP treatment, 
and in the right drawing, results with SNP treatment 
are shown, respectively. Black out columns show 
addition ot ginsenoside Rb^ before and after SNP 
treatment, and columns with slant lines show addi- 

^0 tion of ginsenoside Rb-i after treatment with SNP. 

Fig. 7 is photographs instead of drawings, showing 
upregulation of BcI-Xl mRNA expression by ginse- 
noside Rb-,. 

Fig. 8 is a photograph instead ol drawing, showing 
25 the result of Western blotting for BcI-Xl protein in 
neurons treated with ginsenoside Rb^. 
Fig. 9 is a graph quantifying the results of Western 
blotting for Bcl-X|_ protein in neurons treated with 
ginsenoside Rb^. 
30 Fig. 10 (A), (B) and (C) are photomicrographs in- 
stead of drawings, showing the inhibition by ginse- 
noside Rb^ of pathologic apoptosis-like neuron 
death in the matured brain. Fig. 10 (D) is a graph 
quantifying their resufts. 

35 

Beat ly^ode tor Carrying Out the invention 

[0024] Ginsenoside Rb^ of the present invention Is a 
compound represented by the fomnula hereinbefore, 

^0 Ginsenoside Rb^ can be isolated and purified according 
to the method of Shibata et ai, (Shibata et al., Economic 
and medicinal plant research. World Scientific, Philadel- 
phia, pp. 217-284, 1985). Ginsenoside Rb^ purified by 
such a method has a purity more than 98%, which has 
beenconflnnedbyttiin layered chromatography and nu- 
clear magnetic resonance spectrum (Kawashima Y. and 
Samukawa K.. J. Med. Phannacol. Soc. Wakan-Yaku, 
3, 235-236, 1986). ft is preferable to use highly purified 
ginsenoside Rb^ of the present invention, but mixtures 

50 extracted from natural products or natural plants such 
as medicinal ginseng, which contains ginsenoside Rb^ 
can also be used. 

[0025] Ginsenoside Rb^ of the present invention can 
be used in its free form, but can be used as its suitable 
55 salts. Its solvates such as hydrates can also be used. 
[0026] The concentrations of ginsenoside Rb^ used 
in the present invention are preferably low, more con- 
cretely, its concentration in extracellular fluid in lesion is 
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1 ng/ml or less, preferably 1 pg/ml or less, and more 
preferably 1 00 fg/ml or less. The preparations for intra- 
venous administration of ginsenoside Rb^ of the present 
invention should preferably be adjusted so that the con- 
centrations of ginsenoside Rb^ in extracellular fluid of 
the lesion tissue of patients are maintained in the con- 
centration range hereinabove described. A sufficient fa- 
vorable effect of the pharmaceutical compositions and 
preparations of the present invention can be obtained 
even at the concentrations of 1- 100 fg/ml in the extra- 
cellular fluid of the lesion tissue. One of features of the 
present Invention Is to use ginsenoside Rb^ preferably 
at the low extracellular concentrations in lesion. 
[0027] Another feature of the present invention is to 
use ginsenoside Rb^ as preparations for intravenous 
adnninistration. Quite surprisingly, it was found that in- 
travenously administered ginsenoside Rb^, unlike pe- 
ripherally (Intraperitoneally) administered ginsenoside 
Rb-|, was transfen^ed rapidly to the central nervous sys- 
tenn. The preparations for intravenous administration of 
the present invention may be those, which can be di- 
rectly administered intravascuiarly, preferably intrave- 
nously, and may optionally be those for single intrave- 
nous infusion or for continuous intravenous infusion. It 
can also be a formulation used to be added to prepara- 
tions for intravenous administration such as a composi- 
tion for drip infusion. 

[0028] Intravenous administration of ginsenoside Rb^ 
of the present invention can reduce the infracted area 
to about 1/4 in comparison with that of a non-adminis- 
tered control group, as well as having an unique mech- 
anism of action that is to enhance the expression of a 
cell death-suppressing factor Bc1-Xl. II also protects 
nerve cells or neurons in the brain. Consequently, it can 
be applied as neuroprotective agents for not only acute 
and chronic cerebral infarction but also acute or chronic 
cerebral hemorrhage, subarachnoidal hemorrhage and 
cerebral embolism or transient cerebral ischennic attack 
(TIA). 

[0029] Namely, ginsenoside Rb^ of the present inven- 
tion is the drug or pharmaceutical composition, which 
can be administered intravenously as a drip infusion in 
an ambulance car to a patient suspected to suffer from 
cerebral apoplexy. The pathologic condition of cerebral 
ischemia has been known to be generated not only by 
cerebral infarction but also by cardiac failure, severe 
anemia, respiration disorders, cardiac arrest and ven- 
tricular fibrillation. In order to protect the brain against 
these diseases and to improve prognosis of patients 
with the diseases, the pharmaceutical composition com- 
prising ginsenoside Rb^ of the present invention is quite 
effective. 

[0030] The phannaceutical composition comprising 
ginsenoside Rb, of the present invention is expected to 
exhibit an efficacy through an enhanced expression of 
Bci-Xi_ protein on the other primary and secondary neu- 
rodegenerative diseases accompanied by apoptosis- 
like neuron death (Alzheimer's disease, Pick's disease, 



spinocerebellar degeneration, Parkinson's disease, 
chorea, glaucoma, senile macular degeneration, amyo- 
trophic lateral sclerosis. AIDS encephalopathy, hepatic 
encephalopathy, encephalitis, cerebral palsy, retinal 
5 pigment degeneration, head (brain) injury, spinal cord 
injury, carbon monoxide poisoning, retinal detachment, 
neonatal asphyxia, diabetic retinopathy, peripheral 
nerve diseases, etc.). 

[0031] Further, a specific feature of the medicinal 

^0 preparations comprising ginsenoside Rb^ of the present 
invention, which should not be overlooked, is the fact 
that it does not show any adverse effects. For example, 
even though ginsenoside Rb-, is added to normal cul- 
tured nerve cells or neurons, which are not treated with 

15 sodium nrtroprusside (SNP), a nitric oxide (NO) donor, 
it shows no effect on neuronal metabolic activity. More- 
over, ginsenoside Rb^ at low extracellular concentra- 
tions (1-100 fg/ml) protects only nerve cells Injured by 
treating with SNP, (refer to example 3). Consequently, 

20 ginsenoside Rb^ does not affect normal neuronal func- 
tions but can give a favorable effect only on the lesion 
tissue. This point can be emphasized as a more superior 
property of ginsenoside Rb^ than glutamate receptor 
antagonists under developing as neuroprotective 

25 agents at present. 

[0032] It has also been reported that no effects of in- 
tracerebroventricular administration of ginsenoside Rb^ 
on brain temperature, cerebral blood flow and blood 
pressure are observed (Lim J.-H. et al. Neurosci. Res., 

30 28, 191-200, 1998). No adverse effect was detected 
within a range of careful observation on animals, to 
which ginsenoside Rb^ of the present invention was ad- 
ministered. 

[0033] Ginsenoside Rb^ of the present invention, 

35 when administered to rats with permanent MCA occlu- 
sion (body weight about 300 g) in a dose of 6 g/day or 
60 [I g/day, resulted In reduction of the cerebral infarc- 
tion area and ameliorated ischemia-induced place nav- 
igation disability (cerebrovascular dementia). Based on 

40 these experimental results, a dose range for human pa- 
tients with cerebral apoplexy (body weight 60 kg) is cal- 
culated as 1 .2 mg - 1 2 mg/ day. However, since required 
dose amount per body weight Is, generally, decreased 
depending on the increased body weight of animals, a 

45 dose of 1 .2 mg or less is thought to exhibit a sufficient 
effect. Daily doses of the pharmaceutical composition 
of the present invention is, though depending on an in- 
dividual difference and a disease state of the patient, 
0.1 mg or more, preferably 1 mg or more, more prefer- 

50 ably 10 mg or more. Since the pharmaceutical compo- 
sition of the present invention has less adverse effect, 
it can be administered considerably in large amount as 
an upper limit of dosage, and the upper limit of dosage 
is 1 g or less/day, preferably 0.1 g or less/day. 

55 [0034] The method for administration of the phamna- 
ceutical composition of the present invention is prefer- 
ably intravenous administration and the amount of ad- 
ministration hereinabove described can be adminis- 
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tered consGcutively or repetitively Ginsenoside Rb^, an 
active ingredient of the present invention is a sort of sa- 
ponin, and can be formulated by the conventior>al meth- 
ods. For example, an aqueous pharmaceutical compo- 
sition of the present invention can be prepared as a 
preparation for intravenous administration by dissolving 
lyophilized crystals in physiological saline, distilled wa- 
ter, phosphate buffer or glucose solution. Lipid micro- 
sphere or liposome preparation can also be used. The 
concentrations of ginsenoside Rb^ or its salt in the prep- 
arations for intravenous administration can optionally be 
adjusted unless so high, for example 0.01-10 mglml, 
preferably 0.1-1 mg/ml. 

[0035] In the animal experiments of the present inven- 
tion, ginsenoside Rb^ was intravenously administered 
continuously for 28 days after pennanent occlusion of 
the cortical branch of the left middle cerebral artery 
(MCA). Since in the actual case of cerebral apoplexy at 
an acute phase, the brain lesion frequently becomes 
worse within 2 weeks after the onset, a sufficient effect 
can be expected if an administration of ginsenoside Rb^ 
is performed during at least this period. As the results 
of practical use of ginsenoside Rb^ , applications to cer- 
ebrovascular reconstruction and reperfusion surgeries 
may be expanded. 

[0036] The present invention takes initiative in dis- 
closing suppression of apoptosis or apoptosis-like cell 
death as a result of promoting the expression of Bcl-x^ 
protein by ginsenoside Rb^ at low extracellular concen- 
trations in lesion, which has never known in the past. 
The fact that ginsenoside Rb^ at low extracellular con- 
centrations in lesion suppresses apoptosis or apopto- 
sis-like cell death by upregulating the expression of Bcl- 
Xl protein, indicates that ginsenoside Rb^ is effective for 
not only central nervous system (CHS) diseases but al- 
so peripheral tissue diseases accompanied with apop- 
tosis (for example, rejection after organ transplantation, 
ischemia-reperfusion injury of heart, iiver and kidneys, 
myocardial infarction, peripheral artery occlusion, pe- 
ripheral circulatory failure, bedsore, autoimmune dis- 
eases and immunodeficiency). Moreover, for the treat- 
ment of these peripheral tissue diseases, smaller 
amounts of ginsenoside Rb^ than those used for brain 
diseases can provide sufficient effect and efficacy. 
[0037] Next, the actions of ginsenoside Rb^ of the 
present invention at low concentrations are explained in 
detail. 

[0038] First, we examined the actions of intravenous 
infusion of ginsenoside Rb^. For this purpose, for exam- 
ple, male SH-SP rats weighing 250'-300g at the age of 
12-13 weeks were used. The animals were bred in an 
air-conditioned room with a 12:12 hour light-dark cycle, 
and water and feeds were supplied ad libitum. The cor- 
tical branch of the left middle cerebral artery (MCA) was 
coagulated and cut. A single intravenous administration 
of ginsenoside Rb^ dissolved in physiological saline was 
conducted immediately after MCA permanent occlusion 
(6 [1 g or 60 n g), thereafter continuous intravenous ad- 



ministration of ginsenoside Rb^ was performed for 28 
days by using an Alza mini osmotic pump (6 g/day or 
60 \i g/day). 

[0039] Control animals with MCA permanent occlu- 
5 sion (ischemic control animals) and sham-operated an- 
imals were administered with the same amount of phys- 
iological saline. 

[0040] After MCA permanent occlusion, according to 
the conventional method (Zhang B. et al, , J. Stroke Cer- 
10 ebrovasc. Dis., 7, 1-9, 1998), water maze tests were 
performed for 4 days at the 2nd week and the 4th week, 
respectively, and the place navigation abilities of SH-SP 
rats were determined. 

[0041] Results are shown in Fig. 1 . The left drawing 
^5 in Fig. 1 is the results ofthe 2nd week and the right draw- 
ing is the results of the 4th week after pamnanent MCA 
occlusion. In Fig. 1 , closed circles (#) indicate the re- 
sults of rats with sham operation; and open circles (O) 
indicate the results of MCA-occluded rats administered 
^0 with only physiological saline; closed squares (■) indi- 
cate the results of MCA-occluded rats administered with 
ginsenoside Rb^ in a dose of 6 p. g/day and open 
squares (C) indicate the results of MCA-occluded rats 
administered with ginsenoside Rb^ in a dose of 60 p. g/ 
25 day. 

[0042] As shown in Fig. 1 , the place navigation disa- 
bility after MCA permanent occlusion (after cerebral in- 
farction) was significantly improved by ginsenoside Rb., 
infusion as compared with a group of cerebral infarction 

30 administered with physiological saline. Especially, in the 
water maze tests at the 2nd week and at the 4th week 
after MCA occlusion, the low dose of ginsenoside Rb^ 
significantly ameliorated the learning disability on the 
3rd day and on the 4th day, and the high dose of ginse- 

35 noside Rb^ on the 4th day at the 2nd week and on the 
3rd and 4th days at the 4th week after MCA occlusion. 
Significant effects were also noted on the 1 st day at the 
4th week in the high dose and the low dose groups, re- 
spectively. No significant differences in swimming speed 

40 of SH-SP rats were observed among the four experi- 
mental groups. 

[0043] After the water maze tests at the 4th week, the 
SH-SP rats were anesthetized with chloral hydrate, and 
they were perfused and fixed transcardlally with 0.1 

45 mole phosphate buffer containing 4% parafonnalde- 
hyde. The brains were dissected out and cerebrocortical 
infarcted areas were photographed. Areas of the left 
cerebral hemisphere and the left cerebrocortical infarct 
lesions were measured on the photographs by using an 

50 image analysis device. The left cerebrocortical infarcted 
areas were divided by the left cerebral hemispheric ar- 
eas to calculate ratios of the cerebrocortical infarction 
(%). Resufts are shown in Fig. 2. 
[0044] As shown in Fig. 2, the ratio of cerebrocortical 

55 infarction was significantly reduced in the groups of cer- 
ebral infarction with intravenous administration of gin- 
senoside Bb^ as compared with the group of cerebral 
infarction with administration of physiological saline. 
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Since the ratio of cerebrocortical infarction is calculated 
based on the area of infarction, and the mean value of 
the ratios in the groups intravenously adnninistered with 
ginsenoside Rb-, is reduced to 50% or less compared 
with that of the group administered with physiological 
saline, actual volume of infarction appears to be re- 
duced to about 1/4 by intravenous administration of gin- 
senoside Rb^. 

[0045] An actual case of cerebral infarct area of the 
group administered with physiological saline and an ac- 
tual case of cerebral infarct area of the group adminis- 
tered with ginsenoside Rb^ (6 \i g/day) are shown in Fig. 
3A and Fig. 3B, respectively. 

[0046] Fig. 4 is a schematic drawing summarizing the 
results of the present experiments. In rats administered 
with physiological saline, the size of cerebral infarction 
ramained largo and it took a long time for the rats to 
escape onto the goal platfomn in the water maze tests. 
Contrary, in rats administered with ginsenoside Rb^ of 
the present invention, the infarct area was recovered 
and reduced, and as a result, in the water maze tests, 
only a short time was required for the rats to arrive at 
the goal platform. 

[0047] According to the paper of the present inventors 
in the past using a transient forebrain ischemia model 
of gerbils (Wen T.-C, et al., Acta Neuropathol., 91, 
16-22, 1996), even if intraperitoneal administration of 
ginsenoside Rb^ (10 mg/kg/day or 20 mg/kg/day) was 
perfomned before ischemic loading, only about 30% of 
hippocampal CA1 pyramidal neurons could bo rescued. 
In addition, intraperitoneal administration of ginseno- 
side Rbi in gerbils after the ischemic event resulted in 
no effect. Moreover, since the daily doses of Intraperl- 
toneally administered ginsenoside Rb^ are as high as 
0.7 mg - 1 .4 mg determined by the body weight of gerbils 
(approximately 70 g), considering from the view point of 
efficacy and effect of ginsenoside Rb^ administration, 
intravenous administration of ginsenoside Rb^ is a su- 
perior method for administration than the intraperitoneal 
administration, and can be easily applied to humans. As 
well known, an intraperitoneal administration to human 
cannot always be applied except for a partial exception 
(peritoneal lavage, etc.). 

[0048] Animals with MCA pemnanent occiusion (cer- 
ebral infarction rats) used in the present example are 
obviously more severe than the transient forebrain 
ischemia model of gerbils and they provide a model 
close to human disease that is cerebral infarction. Con- 
sequently, the fact that the intraveous infusion of gise- 
noside Rb^ starting after cerebrovascular occlusion ex- 
hibited a marked favorable effect on rats with permanent 
MCA occlusion clearly indicates the usefulness, con- 
venience and economical advantage of intravenous in- 
fusion of ginsenoside Rb^ in low doses. 
[0049] On the other hand, in the previous report, in 
which ginsenoside Rb^ was directly infused into the cer- 
ebral ventricles of animals with MCA permanent occlu- 
sion (Zhang B., et al.. J. Stroke Cerebrovasc. Dis.. 7, 



1-9, 1998), a significant suppressive effect on cerebral 
infarction was observed only when the continuous in- 
tracerebroventricular infusion of ginsenoside Rb-i at the 
dose of 0.6 p. g/day was conducted after MCA occlusion; 

5 and the effect was equal to or a little less than the effect 
of intravenous administration of ginsenoside Rb^ as 
shown in the present example. In the previous report on 
the intracerebroventricutar administration of ginseno- 
side Rb^, no curative effect on cerebral infarction was 

10 observed even when the other doses of ginsenoside 
Rb^ (6 |i g /day or 0.06 \i g /day) were continuously in- 
fused into the cerebral ventricles after MCA permanent 
occlusion. Consequently, the effective dose range of in- 
tracerebroventricularly administed ginsenoside Rb, 

^5 was very narrow and its practical use for clinical medi- 
cine was thought to be ditf icutt. Moreover, the actual ap- 
plication of intracerebrovenlricularly infused ginseno- 
side Rb^ to humans appars to be impossible when we 
consider the balance between its risk and benefit. 

20 [0050] Generaity, a neuroprotective factor or agent 
exhibits the maximum effect when directly administed 
into the cerebral ventricles or into the brain parenchyma, 
and in case of intravenous or intraperitoneal administra- 
tion, its effect and efficacy seem to drastically decrease 

^5 or disappear due to the blood brain barrier that prevents 
the neuroprotective agent from entering the brain paren- 
chyma. Consequently, based on the experimental re- 
sults of intraperitoneal administration or intracerebrov- 
entricular administration of ginsenoside Rb^, the effect 

30 and efficacy of intravenously infused ginsenoside could 
not be antcipated at all, 

[0051 J As clarified by the present invention, however, 
intravenous administration of ginsenoside Rb^ reduces 
effectively the cerebral infarct area of rats with MCA per- 

35 manent occlusion in a wider dose range than in case of 
intracerebroventricular administration, and improves 
learning ability of the f^CA-ocduded animals. Ginseno- 
side Rb^ is a purified saponin, which is contained in me- 
dicinal ginseng, but since it can not be detected in blood 

40 after oral administration, a phamnacoiogicai action of 
ginsenoside Rb^ per se has been substantially denied. 
However, according to the present example, it is clarified 
that intravenous administration of ginsenoside Rb^ has 
effect, efficacy and use independent of the medicinal 

45 ginseng. 

[0052] Next, we conducted experiments to determine 
the preventive effect of ginsenoside Rb^ ,on peroxidation 
of nerve cell membrane lipids. 

[0053] According to the method of Peng et al. (Peng 
50 H. et al., J. Cereb. Blood Flow f^etab., 18, 349-360, 
1998). cerebrocortical neurons from rats at embryonic 
age 1 7 were maintained in a serum-free culture medium 
for 3 days, and thereafter the medium was replaced with 
a fresh culture medium containing or not containing gin- 
55 senoside Rbi and the neurons were incubated for fur- 
ther 48 hours Then the medium was changed to a Iresh 
medium containing fen-ous sulfate and ascorbic acid but 
not containing ginsenoside Rb^ and the neuronal culture 
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was maintained for 2 hours to generate hydroxy! radi- 
cals forgiving an oxidative injury to neuronal membrane. 
The generated neuronal membrane lipid peroxide was 
detemnined by photometrically measuring a fixed 
amount of thiobarbituric acid (TBA) after solubilizing the 
cells with sodium dodecyl sulfate. 
[0054] An object of the present experiment is to ex- 
amine whether ginsenoside Rb^ can prevent peroxida- 
tion of cell membrane lipid within the concentration 
range (0.1 - 100 fg/ml) required for suppressing nerve 
cell necrosis caused by ferrous sulfate, or not. 
[0055] Results are shown in Fig. 5. From the experi- 
mental results, a preventive effect of ginsenoside Rb^ 
on the peroxidation of nerve cell membrane lipid could 
be slightly confirmed only at the concentration of 1 00 fg^ 
ml, and no preventive effects on lipid peroxidation were 
observed in the concentration range of 0.1 - 10 fglml, in 
which free radical damage caused by ferrous sulfate 
was reduced. Consequently, as reported in the previous 
papers (Lim J. -H., et al., Neurosci. Res., 28. 191-200, 
1997; Zhang B., et al., J. Stroke Cerebrovasc. DIs., 7, 
1-9, 1998), ginsenoside Rb^ in the concentration range 
of 0.1 - 100 fg/ml, could surely reduce the neurotoxicity 
of free radicals. However, the prior hypothesis that sub- 
sequently ginsenoside Rbi also suppresses lipid perox- 
ide formation was found to be obviously incon-ect. Con- 
sequently, the present experiment demonstrates a ne- 
cessity for the analysis of a new mechanism underlying 
the action of ginsenoside Rb^. 

[0056] For that purpose, we performed experiments 
to determine a suppressive action of ginsenoside Rb^ 
on nerve cell death (apoptosis). 
[0057] Cell death is classified roughly into necrosis 
and apoptosis depending on their morphological fea- 
tures. Concerning the nerve cell death, a concept for 
necrosis has been established. As for a concept for neu- 
ronal apoptosis, however, typical features such as those 
observed in lymphocytes are very rarely noted, although 
a similar phenomenon is observed in the matured brain 
under pathologic conditions. Consequently, In the 
present specification, gradually progressing nerve cell 
death, which is different from necrosis, is defined as "ap- 
optosis of nerve cells" or "apoptosis-like nerve cell 
death". 

[0058] We recently found that as a result of a short 
time exposure of cultured nerve cells (or neurons) to a 
nitric oxide (NO) donor, sodium nitroprusside (SNP), ap- 
optosis of nerve cells was induced (Toku K., et al., J. 
Neurosci. Res , 53, 415-425, 1 998). Since a typical fea- 
ture of apoptosis was observed in this culture experi- 
ment, a suppressive effect of ginsenoside Rb^ on apop- 
tosis was judged with the use of this experimental sys- 
tem. 

[0059] After maintaining cerebrocorticai nen/e cells 
(neurons) from rats at embryonic age 1 7 in a serum-free 
culture medium for 4 or 5 days, the medium was re- 
placed with a fresh medium containing or not containing 
ginsenoside Rb. and the neurons were incubated for 24 



hours. Then, SNP at the concentration of 100 n M was 
added to the medium for 1 0 minutes, and the nerve cells 
(neurons) were maintained in a medium containing gin- 
senoside Rb-i for 16 hours. Survival rate of the nerve 
5 cells was measured by using a redox indicator, alamar 
blue. 

[0060] In the previous ferrous sulfate-loading experi- 
ments, ginsenoside Rb^ was added in advance to the 
culture medium and results were detennined. In the 

10 present experiments, ginsenoside Rb^ was added be- 
fore and after SNP loading or only after SNP loading, 
and its effects were measured. 
[0061 ] Results are shown in Fig. 6. In the right drawing 
of Fig. 6, results with SNP treatment are shown. Black 

?5 out columns show additions of ginsenoside Rb^ before 
and after SNP treatment, and columns with slant lines 
show an addition of ginsenoside Rb^ after treatment 
with SNP. 

[0062] As shown in the left drawing of Fig. 6, in the 

20 case of no treatment with the nitric oxide (NO) donor, 
sodium nitroprusside (SNP), no significant effects of gin- 
senoside Rb^ on the metabolic activity of cultured nerve 
cells were observed. As a result of SN P treatment, nerve 
cell death (apoptosis) occurred without addition of gin- 

25 senoside Rb^ (the first column from the left in the right 
drawing of Fig. 6), but ginsenoside Rb^ in the concen- 
trations of 1 - 100 fg/ml significantly suppressed apop- 
tosis of nerve cells, even in the cases of its administra- 
tions before and after SNP treatment or only after SNP 

30 treatment. 

[0063] Results of the present experiments, in which 
ginsenoside Rb^ proved to suppress apoptosis of nerve 
cells even at the low concentrations such as 1 - 1 00 fg/ 
ml in the extracellular fluid, very low concentrations ever 

35 known before, actually demonstrated the possibility of 
applying ginsenoside Rb-, to the treatment or therapy of 
pathologic apoptosis-IIke nerve cell death for the first 
time In the world. 

[0064] Next, experiments for analyzing an action of 
ginsenoside Rb^ on BcI-Xl expression were perfonned. 
[0065] BcI-Xl gene is expressed in many tissues such 
as tissues of mature brain, immune systems and circu- 
latory systems, and is proved to play important roles in 
the survival of cells (Adams J. M. and Cory S., Science, 
281, 1322-1326, 1998; Boise, L. H., et al.. Cell. 74, 
597-608, 1993; Gottschalk A, R., etal., Proc. Natl. Acad. 
Sci. USA, 91 , 7350-7354, 1 994; Gonzale^-Garcia M., et 
al.. Proc. Natl. Acad. Sci. USA, 92, 4304-4308, 1995). 
[0066] It was investigated whether ginsenoside Rb^ 

^0 of the present invention can increase the expression of 
BcI-Xl gene or not. Experimental techniques followed 
those by Wen et al. (Wen T. -C, et al,, J. Exp. Med., 1 88, 
635-649, 1998). Total RNA was extracted from cultured 
nerve cells treated for 24 hours with ginsenoside Rb-| at 

55 the concentrations of 0 fg/ml, 1 fg/ml and 1 00 fg/ml. cD- 
NA was prepared from DNase-treated total RNA (3 |X g) 
by using oligo dT primer and reverse transcriptase 
(Moloney murine leukemia vinjs reverse transcriptase). 
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Gene ?^mplific?i!ion reRction (polymerase chain reaction, 
PGR) was performed by using Taq polynnerase under 
the following conditions: (1) 94°C. 2 minutes; (2) 94°C, 
15 minute. SS^'C 1.5 minute; 72**C, 2 minutes con- 
structed one cycle, and 25 cycles for Bc1-Xl and 20 cy- 5 
cles for (3-actin were performed; and (3) 72**C, 2 min- 
utes. 

[0067] PGR products were electrophoresed on 3% 
agarose gel and visualised by ethidium bromide stain- 
ing The expression of p-actin mRNA was used as an 
internal standard. Results are shown in Fig. 7. 
[0068] In order to investigate whether ginsenoside 
Rb^ enhanced the expression of BcI-Xl protein in nerve 
cells or not, Western blotting using antl-Bcl-XL protein 
antibody was pcrlonned After culturing rat cerebrocor- '5 
tical neurons for 48 hours with or without ginsenoside 
Rb-, , the neurons (nerve cells) were solublllzed in a sam- 
ple butter tor electrophoresis and electrophoresed. 
Eleclrophorales were transferred to nitrocellulose mem- 
brane to perform Western blotting. Results are shown 
in Fig. 8. 

[0069] Further, bands reacted with the anti-Bcl-XL pro- 
tein antibody were quantified by using an image analyz- 
er. Results arc shown in Fig. 9. 

[0070] As shown in Fig. 7, in the cultured nerve cells 25 
treated with ginsenoside Rb., at the concentration of 1 
fg/ml or 100 fg/ml. the expression of BcI-Xl mRNA was 
increased as compared with the control (0 fg/ml). Gin- 
senoside Rb^ in the concentration range of 1 - 1 00 fg/ml 
exhibiting a suppressive effect on apoptosis-like nerve 30 
cell death, significantly increased the amount of neuro- 
nal BcI-Xl protein expression by approximately 50% 
(Fig. 8 and Fig. 9). 

[0071] Among bioactlve substances facilitating the 
expression of BcI-Xl protein in nerve cells or neurons, 35 
interieukin 3 in the concentration range of 0.6 - 15.0 ng/ 
ml has been reported (Wen T -C, et al., J. Exp. Med., 
188, 635-649, 1998). The upregulation by ginsenoside 
Rb^ of BcI-Xl protein expression was exhibited at far 
lower concentrations than that by interleukin 3, and was 
more potent than interleukin 3 which could increase 
slightly the expression of BcI-Xl protein by about 10%. 
Interleukin 3 could exhibit a neuroprotective action only 
by direct intracerebroventricular administration, but gin- 
senoside Rb-i was proved to protect cerebral nerve cells 
or cerebral neurons by intravenous administration in the 
experiment hereinbefore described (example 1). Con- 
sequently, ginsenoside Rb^ is the only one expression 
enhancer of BcI-Xl protein expression in the worid at 
present among non-peptide neurotropic substances, 50 
which can be peripherally administered. Heretofore, no- 
body could expect that the non-peptide medicine 
showed a more potent activity for facilitating BcI-Xl pro- 
tein expression than the peptide factor (interleukin 3). 
Peptide factor, which can enhance even slightly the ex- 55 
pression of BcI-Xl protein in nerve cells, was only inter- 
leukin 3, as far as we know. 

[0072] It is said that the mitochondnon-associated 



protein BcI-Xl inhibits binding of Apaf1 to procaspase 9 
as a result of its binding with Apafi (Adams J. M. and 
Cor^S.. Science, 281. 1322-1326, 1998). If a decrease 
or a functional decline of BcI-Xl protein occurs, Apafi is 
released from Bcl-x^ protein to activate procaspase 9, 
concomitant with a leakage of cytochrome C from mito- 
chondria (Adams J. M. and Cory S., Science, 281, 
1322-1326, 1998). Once cytoplasmic procaspase 9 is 
activated, subsequently caspase 9 and caspase 3 are 
activated, and a process, in which cells are autolyzed 
by the actions of these proteases to enter apoptosis, is 
accelerated. At the stage activating procaspase 9, the 
cell appears to be committed to death, and therefore 
prevention or inhibition of the activation of procaspase 
9 by an enhancer of BcI-Xl protein expression (ginseno- 
side Rb^) is a wise method to preclude cell death. 
[0073] In order to analyze a suppressive effect of gin- 
senoside Rb^ on Intracerebral apoptosis-like neuron 
death, the present inventors examined whether actually 
occuning pathological apoptosis-like neuron death in 
the mature brain can be reduced by administration of 
ginsenoside Rb^ or not. The three minute forebrain 
ischemia model of gerbils was used as model animal. It 
was reported that at one week after 3 minute ischemia, 
about one half of hippocampal CA1 pyramidal neurons 
degenerated (Sakanaka M., et al., Proc. Natl. Acad. Sci. 
USA, 95, 4635-4640, 1998). However, the present in- 
ventors demonstrated that fragmentation of nerve cell 
nuclei, an index of apoptosis-like cell death, in the re- 
maining nerve cells was further in progress at this mo- 
ment, using TUNEL staining (Wen T. -C, et al., J. Exp. 
Med., 188, 635-649. 1998; Peng H.. et al.= J. Cereb. 
Blood Flow Metab., 18, 349-360. 1 998). With this model 
animal, it was examined with TUNEL staining whether 
apoptosis-like neuron death on the 7th day after 3 
minute ischemia could be suppressed by intracerebrov- 
entricular administration of ginsenoside Rb^ or not. 
[0074] Immediately after 3 minute forebrain ischemia 
in gerbils under inhalation anesthesia, a single intracer- 
ebroventricular administration of ginsenoside Rb^ at the 
dose of 2.5 ng or 25 ng was perf omDed, and subsequent- 
ly ginsenoside Rb^ (60 ng/day or 600 ng/day) was con- 
tinuously infused into the cerebral ventricles through an 
osmotic minipump for 1 week. At one week after 3 
minute forebrain ischemia, the gerbils were perfused 
and fixed transcardially with phosphate buffer contain- 
ing 4% paraformaldehyde under pentobarbital anesthe- 
sia and the brain was dissected out. The brain was em- 
bedded in paraffin, and paraffin sections 5 \l m thick 
were cut. TUNEL staining was perfomned in accordance 
with the conventional method. Control animals were in- 
fused with an equal amount of physiological saline. 
[0075] Results are shown in Fig. 10. Fig. 10(A) shows 
a control animal; (B) shows an animal administered with 
ginsenoside Rb^ in a dose of 60 ng/day; and (C) shows 
an animal administered with ginsenoside Rb-, in a dose 
of 600 ng/day. 

[0076] As shown in Fig. 10(A). in the hippocampal 
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CA1 field of gerbils loaded with 3 minute forebrain 
iscfiemia, a large number of TUNEL-positive neurons 
appeared at 1 week after ischemia. This suggests that 
the neurons are on the way of apoptosls-lilce cell death. 
As a result of the intracerebroventricular administration 
of ginsenoside Rb^ immediately after 3 minute forebrain 
ischemia, TUNEL-positive nerve cells were significantly 
reduced in a dose-dependent manner [Fig. 10(B), 10 
(C), 10(D)J. This indicates that the results of the culture 
experiments in examples 3 and 4 can be applied in vivo. 
It has already been reported that ginsenoside Rb^ could 
not affect cerebral blood flow or brain temperature (Lim 
J. -H.. etal., Neurosci. Res., 28, 191-200, 1997; Zhang 
B., et al., J. Stroke Cerebrovasc. Dis., 7. 1-9, 1998). 
[0077] The above experimental results have demon- 
strated that preparations comprising ginsenoside Rb^ or 
its salt for intravenous administration were effective at 
very low concentrations for therapy, prevention or treat- 
ment of brain and nervous diseases such as cerebrov- 
ascular dementia, cerebral infarction, cerebral apoplexy 
and transient cerebral ischemic attack (TIA). 
[0078] It has also been demonstrated that ginseno- 
side Rb^ or its salt suppresses apoptosis or apoptosis- 
likc cell death at low extracellular concentrations of 1 
ng/ml or less, in more detail 1 pg/ml or less, in further 
more detail 1-100 fg/ml. Further, it has also been found 
that ginsenoside Rb^ or its salt promotes expression of 
the eel! death-suppressing gene product BcI-Xl- 
[0079] Ginsenoside Rb^ or its salt is known as a com- 
ponent of medicinal ginseng and is very low in toxicity. 
[0080] The present invention provides clinically useful 
therapeutic or preventive agents for brain and nervous 
diseases. The therapeutic or preventive agents for brain 
and nervous diseases of the present invention are pref- 
erably in preparations for intravenous administration. To 
be more specific, the preparations for intravenous ad- 
ministration of the present invention and the brain cell- 
or nerve cell-protective agents comprising ginsenoside 
Rb^ or its salt should be adjusted so that the extracellu- 
lar concentrations of ginsenoside Rb^ or its salt in lesion 
tissues arc kept at 1 ng/ml or less, preferably at 1 pg/ml 
or less, and more preferably at 1 - 100 fg/ml. 

EXAMPLES 

[0081] The present invention will be explained in de- 
tail by concrete examples, but the present invention is 
not limited within these examples. 

Example 1 (Experiment on intravenous infusion of 
ginsenoside Rb-j) 

[0082] fVIale SH-SP rats at the age of 12-13 weeks, 
weighing 250 - 300 g. were used. The animalswere bred 
in a room furnished with 12 hours light and dark cycles 
and water and feeds were supplied ad libitum. Blood 
pressure of the animals was 20316.9 mmHg, The fol- 
lowing experiments were conducted in accordance with 



the Guide for Animal Experimentation at Ehime Univer- 
sity School of Medicine. The cortical branch of the left 
middle cerebral artery (MCA) of SH-SP rats, were co- 
agulated and cut, while their rectal temperature was 
5 maintained at 37±0.2**C under inhalation anesthesia. 
[0083] Immediately after MCA pennanent occlusion, 
60 p. I of physiological saline containing ginsenoside Rb^ 
at a concentration of1[ig/p,lor0.1|j.g/^il was injected 
once into the left femoral vein. Then a catheter connect- 

10 ed to an Alza osmotic minipump implanted subcutane- 
ously in the back of each animal was inserted into the 
same vein from the point of the single injection of gin- 
senoside Rb^. Physiological saline containing ginseno- 
side Rb^ was filled in advance in the said osmotic min- 

15 ipump, and ginsenoside Rb-j in a dose of 60 tig /day or 
6 g /day was continuously infused into the blood 
stream through the catheter placed In the left femoral 
vein for 28 days. Flow rate of the ginsenoside Rb^ -con- 
taining solution was 0.26 \l I/hour. 

20 [0084] Control animals with MCA permanent occlu- 
sion (ischemic control animals) and sham-operated an- 
imals received the same amount of physiological saline. 
[0085] After the MCA pennanent occlusion according 
to the conventional method (Zhang B. et ai., J. Stroke 

^5 Cerebrovasc. Dis., 7, 1 -9, 1 998), water maze tests were 
performed for 4 days at the 2nd week and the 4th week, 
respectively, and place navigation abilities of SH-SP 
rats were detemnined. 

[0086] Results are shown in Fig. 1. The left drawing 

30 of Fig. 1. is the results of the 2nd week and the right 
drawing is the results of the 4th week after permanent 
MCA occlusion. In Fig. 1 , closed circles (#) indicate the 
results of rats with sham operation; and open circles (O) 
indicate the results of MCA-occluded rats administered 

35 with only physiological saline; closed squares (■) indi- 
cate the results of MCA-occluded rats administered with 
ginsenoside Rb^ in a dose of 6 g /day and open 
squares (□) indicate the results of MCA-occluded rats 
administered with ginsenoside Rb-| in a dose of 60 ^ g 

^0 /day. Data are represented as a mean±SE, Statistical 
analyses were conducted by ANOVA + Fisher's PLSD. 
[0087] No significant differences in swimming speed 
were observed among the four experimental groups. 
[0088] After temnination of the water maze tests at the 

45 4th week, the SH-SP rats were anesthetized with chloral 
hydrate, and they were perfused and fixed transcardially 
with 0.1 mole phosphate buffer contaiaing 4% parafor- 
maldehyde The brains were dissected out and cerebro- 
cortical infarcted areas were photographed. Areas of the 

50 left cerebral hemisphere and the left cerebrocortical in- 
farct lesions were measured on the photographs by us- 
ing an image analysis device. The left cerebrocortical 
infarcted areas were divided by the left cerebral hemi- 
spheric areas to calculate ratios of the cerebrocortical 

55 infarction (%). Results are shown in Fig. 2. 

[0089] An actual case of a cerebral infarct lesion of 
the group administered with physiological saline and an 
actual case of a cerebral infarct lesion of the ginseno- 
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side Rbi (6 fi g /day)-admtnistered group are shown in 
Fig.3A and Fig.3B, respectively. 
[0090] Fig. 4 is a schematic drawing summarizing the 
results of the present experiments. In rats administered 
with physiological saline, the size of cerebral infarction 
remained large, and in the water maze tests, it took a 
long time for the rats to escape onto the goal platform. 
Contrary, in rats administered with ginsenoside Rb^ of 
the present invention, the infarct area was recovered 
and reduced, and as a result, in the water maze tests, 
only a short time was required for the rats to arrive at 
the goal platform. 

Example 2 (Experiments on a preventive effect of 
ginsenoside Rb^ on peroxidation of neuronal membrane 
lipids) 

[0091 ] Cerebrocortical neurons from rats at embryon- 
ic age 1 7, were maintained in a serum-free culture me- 
dium for 3 days, and thereafter the medium was re- 
placed with a fresh culture medium containing ginseno- 
side Rb^ at the concentrations of 0.1 fg/ml, 1 fg/ml, 10 
fg/ml. 100 fglml and 1000 fg/ml or not containing ginse- 
noside Rb^ (0 fg/ml) and the neurons were incubated 
for further 48 hours. Then the medium was changed to 
a fresh medium containing ferrous sulfate and ascorbic 
acid but no ginsenoside Rb^, and the neuronal culture 
was maintained for 2 hours to generate hydroxyl radi- 
cals for giving oxidative injury to neuronal membrane. 
The generated neuronal membrane lipid peroxide was 
photometrically determined by measuring the fixed 
amount of thiobarbituric acid (TBA) after solubilizing the 
cells with sodium dodecyl sulfate. 
[0092] Results are shown in Fig. 5. From the experi- 
mental results, a preventive effect of ginsenoside Rb^ 
on peroxidation of nerve cell membrane lipid could be 
slightly conf imned only at the concentration of 1 GO fg/ml, 
and no preventive effects on lipid peroxidation were ob- 
served in the concentration range of 0.1 - 10 fg/ml, in 
which free radical damage caused by ferrous sulfate 
was reduced. 

Example 3 [Experiments forjudging a suppressive 
action of ginsenoside Rb^ on nerve cell death 
(apoptosis)] 

[0093] After maintaining cerebrocortical nerve cells 
(neurons) from rats at embryonic age 1 7 in a serum-free 
culture medium for 4 or 5 days, the medium was re- 
placed with a fresh medium containing ginsenoside Rb^ 
at the concentrations of 1 fg/ml, 1 00 fg/ml and 1 00 pglml 
or no ginsenoside Rb^ (0 fg/ml), and the neurons were 
incubated for 24 hours. Thereafter a nitric oxide (NO) 
donor, sodium nitroprusside (SNP) at a concentration of 
1 00 |i M, was added to the medium for 1 0 minutes. Then 
the nerve cells (neurons) were maintained in a medium 
containing ginsenoside Rb^ for 16 hours. Survival rate 
of the nerve cells was measured by using a redox indi- 



cator, alamar blue. 

[0094] Results are shown in Fig. 6. In the left drawing 
of Fig. 6, results without SIsIP treatment are shown; gin- 
senoside Rb^ did not affect the (metabolic) activity of 

5 neurons without SNP treatment, tn the right drawing of 
Fig. 6, results with SNP treatment are shown. Black out 
columns show an addition of ginsenoside Rb^ before 
and after SNP treatment, and columns with slant lines 
show an addition of ginsenoside Rb^ after treatment 

10 with SNP. Data are represented as a mean±SE. Statis- 
tical analyses were conducted by ANOVA + Fisher's 
PLSD. Asterisks indicate significant differences against 
the cases without addition of ginsenoside Rb^ (* p<0.05, 
**p<0.01). 

15 [0095] As shown in the left drawing of Fig. 6, in the 
case of no treatment with the nitric oxide (NO) donor, 
sodium nitroprusside (SNP), no significant effects of gin- 
senoside Rb^ on the metabolic activity of cultured nerve 
cells were observed. As a result of SNP treatment, nerve 

20 cell death (apoptosis) occurred without addition of gin- 
senoside Rb^ (the first column from the left in the right 
drawing of Fig. 6), but ginsenoside Rb^ in the concen- 
tration range of 1 - 100 fg/ml significantly suppressed 
apoptosis of nerve cells, and even in the cases of its 

25 administrations before and after SNP treatment or only 
after SNP treatment. 

Example 4 (Experinaents for analyzing an action of 
ginsenoside Rb^ on BcI-Xl expression) 

30 

[0096] In order to investigate whether ginsenoside 
Rb^ of the present invention can increase the expres- 
sion of BcI-Xl gene or not, total RNA was extracted from 
cultured nerve cells treated for 24 hours with ginseno- 

35 side Rb^ at the concentrations of 0 fg/ml, 1 fg/ml and 
100 fg/ml, In accordance with the experimental tech- 
niques of Wen et at. (Wen T. -C. et al., J. Exp. Med., 
188, 635-649, 1998). cDNA was prepared from DNase- 
treated total RNA (3 \i g) by using oligo dT primer and 

40 reverse transcriptase (Moloney murine leukemia virus 
reverse transcriptase). cDNA was amplified by PGR. 
The PGR was performed with the use of Taq polymerase 
under the following conditions: (1 ) 94*G, 2 minutes; (2) 
94*G, 1.5 minute; 55^C, 1.5 minute; 72*C, 2 minutes 

45 constructed one cycle, and 25 cycles for BcI-Xl and 20 
cycles for p-actin were performed; and (3) 72**C, 2 min- 
utes. 

[0097] PGR products were electrophoresed on 3% 
agarose gel and visualized by an ethidium bromide 

50 staining. The expression of p-actin mRNA was used as 
an intemal standard. Results are shown in Fig. 7. 
[0098] In addition, in order to investigate whether or 
not ginsenoside Rb^ enhanced the expression of BcI-Xl 
protein in nerve cells, Westem blotting using anti-Bcl-XL 

55 protein antibody was performed. After cutturing rat cer- 
ebrocortical neurons for 48 hours with or without ginse- 
noside Rb^, the neurons (nerve cells) were solubilized 
in a sample buffer for electrophoresis and electro- 



21 



EP1 142 903 A9(W1A1) 



22 



phoresed. The electrophorates were transferred to ni- 
trocellulose mennbrane to perform Western blotting. Re- 
sults are shown in Fig. 8. 

[0099] Further, bands reacted with the anti-Bci-XL pro- 
tein antibody were quantified by using an image analyz- 
er Results are shown in Fig. 9. Statistical analyses were 
conducted by ANOVA + Fisher's PLSD. Asterisks in the 
figure indicates significant differences (** p<0.01) 
against the cases without addition of ginsenoside Rb-,. 
[0100] As shown in Fig. 7, in the cultured nerve cells 
treated with g'msenoside Rb^ at the concentration of 1 
fg/ml or 100 fg/ml, the expression of Bcl-x^ hqRNA was 
increased as connpared with the control (0 fg/nni). Gin- 
senoside Rb^ in the concentration range of 1 - 100 fg/ 
ml exhibiting a suppressive effect on apoptosis-like 
nerve cell death, significantiy increased the amount of 
Bc1-Xl protein expression in apoptosis-like nerve cells 
by about 50% (refer to Fig. 9). 

Example 5 (Analysis of a suppressive effect of 
ginsenoside Rb^ on intracerebral apoptosis-like neuron 
death) 

[0101] Immediately after 3 minute forebrain ischemia 
in gerbils under inhalation anesthesia, a single intracer- 
ebroventricuiar administration of ginsenoside Rb^ at the 
dose of 2,5 ng or 25 ng was pert onned, and subsequent- 
ly ginsenoside Rb-, (60 ng/day or 600 ng/day) was con- 
tinuously infused into the cerebral ventricles for 1 week 
through an osmotic minipump. At one week after 3 
minute forebrain ischemia, the gerbils were perfused 
and fixed transcardially with phosphate buffer contain- 
ing 4% paraformaldehyde under pentobarbital anesthe- 
sia and the brain was dissected out. The brain was em- 
bedded in paraffin, and paraffin sections 5 m thick 
were cut. TUNEL staining was performed in accordance 
with the conventional method. Control animals were in- 
fused with an equal amount of physiologkial saline. 
[0102] Results are shown in Fig. 10. Statistical anal- 
yses in Fig. 10 (D) were conducted by Mann-Whitney's 
U-test. Fig. 1 0(A) shows a control animal; (B) shows an 
animal administered with ginsenoside Rb^ in a dose of 
60 ng/day; and (C) shows an animal administered with 
ginsenoside Rb^ in a dose of 600 ng/day. 
[0103] As shown in Fig. 10(A), in the hippocampa! 
CA1 field of gerbils loaded with 3 minute forebrain 
ischemia, a large number of TUNEL-posilive neurons 
appeared at 1 week after ischemia. This suggests that 
the neurons are on the way of apoptosis-like cell death. 
As a result of the intracerebroventricular administration 
of ginsenoside Rb^ immediately after 3 minute forebrain 
ischemia, TUNEL-positive nerve cells were significantly 
reduced in a dose-dependent manner [Fig 10(B), 10 
(C), 10(D)). This indicates that the resuks of the culture 
experiments in examples 3 and 4 can be applied in vivo. 
It has already been reported that ginsenoside Rb^ can 
not affect cerebral blood flow or brain temperature (Lim 
J. -H.. et al , Neurosci. Res.. 28, 191 -200. 1997; Zhang 



B., Gt al., J. Stroke Cerebrovasc. Ois., 7, 1-9, 1998). 
industrial Applicabijity 

5 [0104] The present invention provides extremely ef- 
fective preparations comprising ginsenoside Rb^ at low 
extracellular concentrations in lesion for the therapy, 
treatment or prevention of brain and nen/ous diseases 
such as cerebral infarction, cerebral hemorrhage, sub- 

10 arachnoidal hemorrhage, cerebral embolism or tran- 
sient cerebral ischemic attack at acute or chronic phase, 
and provides neuroprotective agents or preparations for 
intravenous administration comprising ginsenoside Rb^ 
at low extracellular concentrations in lesion. Namely, the 

^5 present invention relevant to ginsenoside Rb^ provides 
drugs that can be intravenously administered by drip in- 
fusion to a patient suspected to have cerebral apoplexy 
even in an ambulance car. Since in a case of acute cer- 
ebral apoplexy the lesion frequently becomes worse 

20 within 2 weeks after the onset of brain attack, if ginse- 
noside Rb^ of the present invention can be administered 
at least within this period (tor example for one day or 14 
days), a sufficient effect can be expected. Further, as a 
result of practical use of ginsenoside Rb^ in clinical med- 

^5 icine, surgical applications to cerebral angioplasty and/ 
or reperfusion in patients with cerebral apoplexy would 
be expanded. 

[0105] The phannaceutical composition comprising 
ginsenoside Rb^ or its salt of the present invention en- 

30 hances the expression of BcI-Xl protein and thus ap- 
pears to be effective for other primary and secondary 
neurodegenerative diseases accompanied with apopto- 
sis-like nerve cell death (Alzheimer's disease, Pick's dis- 
ease, spinocerebellar degeneration, Parkinson's dis- 

35 ease, chorea, glaucoma, amyotrophic lateral sclerosis, 
senile macular degeneration, AIDS encephalopathy, 
hepatk: encephalopathy, diabetic retinopathy, encepha- 
litis, cerebral palsy, retinal detachment, head or brain 
injury, spinal cord injury, demyelinating diseases, neo- 

40 natal asphyxia, peripheral nerve diseases, retinal pig- 
ment degeneration, etc.). 

[0106] The pharmaceutical composition of the 
present invention provides a drug with high safety since 
it has little adverse effect. 

45 [0107] The present Invention discloses that ginseno- 
side Rb^ suppresses apoptosis or apoptosis-like cell 
death by promoting the expression of Bcl-x^ protein at 
tow extracellular concentrations in lesion, which has 
never been known in the past. This fact indicates that 

50 ginsenoside Rb^ is effective for not only central nervous 
system (CNS) diseases but also periphera) tissue dis- 
eases accompanied with apoptosis or apoptosis-like 
cell death (for example, rejection after organ transplan- 
tation, cardiac insufficiency or heart failure, cardiomy- 

55 opathy, ischemia-reperfusion injury of heart, liver and 
kidneys, glossodynia, myocardial infarction, radiation 
injury, peripheral artery occlusion, peripheral circulatory 
failure, bedsore, corneal injury, autoimmune diseases 
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and immunodeficiency) or protoction of organs and tis- 
sues for transplantation. For the therapy ortreatnnent of 
these peripheral tissue diseases, smaller amounts of 
ginsenoside Rb-, than those used for CNS diseases can 
exhibit sufficient effect and efficacy. In addition, the 
pham^aceutical composition comprising ginsenoside 
Rbi or its salt of the present invention can be used as 
preparations not only for intravenous administration but 
also for nasal drops, inhalation, sublingual tablets, sup- 
positories, preparation for topical application, external 
preparations for skin, preparations for oral administra- 
tion, eye drops, spreading for local application, intra- 
muscular injection, subcutaneous injection and intracu- 
taneous injection. Further, the pharmaceutical compo- 
sition of the present invention can be used as prepara- 
tions for oral administration by mixing, encapsulating or 
binding ginsenoside Rb^ with carriers which can inhibit 
decomposition in the digestive tract or stimulate absorp- 
tion in the digestive tract. 

Claims 



bral apoplexy or transient cerebral ischemic attack. 

9. Preparations for therapy, prevention or treatment of 
brain and nervous diseases comprising ginseno- 

5 side Rb-i or rts salt. 

10. The preparations for therapy prevention or treat- 
ment according to claim 9, wherein the brain and 
nervous diseases are cerebrovascular dementia, 

10 cerebral infarction, cerebral apoplexy or transient 
cerebral ischemic attack. 

1 1 . Brain cell- or nerve cell-protective agents or prepa- 
rations comprising ginsenoside Rb^ or its salt. 

75 

12. Agents or preparations comprising ginsenoside Rb^ 
or its saft for promoting the cell death-inhibitory 
gene product Bcl-X|_. 

20 13. Agents or preparations comprising ginsenoside Rb^ 
or rts salt for inhibiting apoptosis or apoptosis-like 
cell death. 



1 . A pharmaceutical composition comprising ginseno- 
side Rbi or its salt and carriers for intravenous ad- 
ministration. 

2. The phamnaceutical composition according to claim 

1 , wherein the concentration of ginsenoside Rb., or 
its salt in extracellular fluid in lesion is 1 ng/ml or 
less 

3. The phannaceutical composition according to claim 

2, wherein the cells are brain cells or nerve cells. 

4. The pharmaceutical composition according to any 
one of claims 1 -3 comprising preparations for single 
intravenous administration or continuous intrave- 
nous administration. 

5. The phannaceutical composition according to any 
one of claims 1-4 comprising the phannaceutical 
composition for promoting the expression of a cell 
death-inhibitory gene product Bcl-Xi_. 

6. The pharmaceutical composition according to any 
one of claims 1-4 comprising the phannaceutk;al 
composition for inhibiting apoptosis or apoptosis- 
like cell death. 

7. The phannaceutical composition according to any 
one of claims 1-4 comprising the pharmaceutical 
composition for therapy, prevention or treatment of 
brain and nervous diseases. 

6. The pharmaceutical composition according to claim 
7, wherein the brain and nervous diseases are cer- 
ebrovascular dementia, cerebral infarction, cere- 



14. The preparations or agents for therapy, prevention 
^5 or treatment according to any one of claims 9-13, 

wherein the concentration of ginsenoside Rb-, or its 
salt in extracellular fluid in lesion is 1 ng/ml or less. 

15. The preparations or agents for therapy, prevention 
30 or treatment according to claim 1 4, wherein the con- 
centration of ginsenoside Rb^ or its salt in extracel- 
lular fluid in lesion is 1 -1 00 fg/ml. 

16. A method for therapy, prevention or treatment of 
35 brain and nervous diseases comprising administer- 
ing effective amounts of ginsenoside Rb^ or its salt. 

1 7. The method for therapy, prevention or treatment ac- 
cording to claim 16, wherein the brain and nervous 

40 diseases are cerebrovascular dementia, cerebral 
infarction, cerebral apoplexy or transient cerebral 
ischemic attack. 

18. The method for therapy, prevention or treatment ac- 
45 cording to claim 1 6 or claim 1 7, wherein the admin- 
istration is intravenous administration. 

1 9. Use of ginsenoside Rb^ or its salt for manufacturing 
the preparations for therapy, prevention or treat- 

50 ment of brain and nervous diseases. 

20. Use according to claim 19. wherein the prepara- 
tions for therapy, prevention or treatment is a prep- 
aration for intravenous administration. 

55 



EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 




EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 2 




EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 3 



EP1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 4 




u — • 
0) G 



EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



I 



Fig. 5 




,»ith Ferrous Sulfate / Aacorbic Acid Treatnent 



EP1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 6 




Rb1 (fg/ml) Rbl (fg/ml) 



* P<0.Q5 ** P<aoi V5 Rln=^ tg/rrU 



EP1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



I 



Fig. 7 

Rbl * 0 1 10»" 





EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 8 



Rbl (fgAnl) 0 1 102 1CP 



EP 1 142 903 A9(W1A1) 

[drawmg(s) replaced or added] 



Fig. 9 



30r 




Rfa1 (fg/ml) " **/=i<o.oi 



EP 1 142 903 A9(W1A1) 

[drawing(s) replaced or added] 



Fig. 10 




Rbi dose (ng/Day) 



EP 1 142 903 A9(W1A1) 



INTERNATIONAL SEARCH REPORT 


International applkialion Na 




PCT/JP99/02550 


A. CLASSIFICATION OF SUBJECT MATTER 




rnt.Ci' C07J17/00 





AccordinR Xo iniernalionaJ Patent Oassification (IPQ ot lo both national classification and IPC 

D. MELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* C07J17/00 



Docun^ejitatiun ^eaicheti other than nrtinimum documcnlMioa lo the extent lhal such documents arc includcti in the fielUs searched 



Bicctronic d^ta base consulted during the international search (nanae o{ data base and, where practicable, search terms used) 



C. noClJMEATrS CONSIDERED TO BE RELEVANT 



Category* Gtation of dccumetit, with indication, where a))propri'.at> of the rclcvaitt passages Relevant lo claim No. 

A JP, 8-208688, A (NEOS Co. , Ltd. ) , ■ 1-15, 19-20 

13 August:, 1996 (13. 08. 96) {Family: none) 

A JP, 7-89863, A (Roussel Morishita Co., Ltd.), 1-15, 19-20 

4 April, 1995 (04. 04. 95) (Family : none) 

A JPr 61-30599, A (K.K. Oosaka Yakunin Kenkyuusho) , 1-15, 19-20 
12 February, 1986 ( 12. 02. 86) (Familys none) 



Further dixrumcnts are listed In the oontinuatjon of Box C. 



* Special caiegofies of c'tttd documents: 

"a" docurrvmi dt-'ftning the geitcr*) stile of the «r1 which is not 

considefcd to be of p«mcubr itlevaace 
'E" earlier dooiincni but published oo or aHcr itie tQiemaiioal filing <kiie 
"L* fiocumcnl wbtch may throw doubts on pruntjr daiin(s) or wtiich is 

died lo establish the publicatii>a (bJe of anotha cttalioM or other 

i^ecial tmon (as specified) 
*0" docurnifnl referring loan oral diiidu&ure, u&e, uiubiiion or other 

meaitt 

'y document published pritx lo the tnlemaiional filiiif! date but later than 
Ae i>rk>mv <l3tc dainwd 



See patent family annex. 



"T* loiter doaitnral pi)Wi«hcd a/lcr the intemaiioiMj Itiinf dale or prionty 

dale and ik>i in ouwHtct with Ihe applkstion bm\ died lo aadeniand 

the principle or theory uodcrlyins the invention 
*X' doctimeni of panicular rele:vanoe; the daimed inventJun caruiul tic 

ooftsidered now«l or cannoi be oonsidered lo involve an inveative step 

Tvhcfi Ihe docttOKnl is bikeo alune 
'Y" docttincnt uf panicvlar retevanoc; th« cjaiaicd invention cannot be 

constilered to invnkc an ioventive step wKen the (k)Cuir>ent is 

combined with one or more other such documtnts, such combination 

being obvious to a petson skilled in the an 
• k' docamtnl wmbei o( the sainc patent (amily 



Dale ot the -.tctual completion of the inteitiational search 
28 May; 1999 (28. 05. 99) 


Date of maihng tit* the internation;il sejrch report 

8 June, 1999 (08. 06. 99) 


Nanne and mailing address ot the ISA/ 

Japanese Patent Office 

FacsirT>ile Nj. 


Authorized olTiccr 
Telephone No. 



Form Prr/ISA/210 (iecoud sbeei) (July 1992)' 



EP 1 142 903 A9(W1A1) 



INTERNATIONAL SEARCH REPORT 



Imematioiul application No. 

PCT/JP99/02550 



Box I Obscrvftlioos where certain claimi were found umearcbable (ContiaBalwn of it«ia 1 of hnt sheet) 



This tnicmactonal search report has not been established in rcjpca of certain claims under Article I7(2)(a) for the fbllowing reasons: 

J. [x] Claims Nos.: 16-18 

because they relate lo subject matter not required lo be searched by this Authority, namely: 

Claims 16 to 18 substantially pertain to methods for treatment of the 
human body by therapy and thus relate to a subject natter which this 
International Searching Authority is not required, under the provisions of 
Article 17(2) (a) (i) of the PCT and Rule 39.1(iv) of the Regulations under 
2. I I Claim:> Nob.; 

because they relate to parts of tbe international application that do not comply with the prescribed requirements to such an 
extent that no meaningful intemationa) search can be carried out, specifically: 



3. Q Claims ISlos.: 

because they arc dependent claims and arc not drafted in accordance with (he second and third sentences of Rule 6.4(a). 



Box II Observations where uoity of iweotioD is Ucking (CootioQation of item 2 of first sheet) 

This International Searching Authority four>d multiple inventions in this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. I [ As all searchable claims could be searched without cffon justifying an additiorul fee, this Authority did r>oi invite payment 
of aoy additional fee. 

3. [ [ As only some of the required additional search fees were timely paid by ihe applicant, this inlematioruil search report covers 
only those claims for which fees were p«td, specifically claims Nos.: 



4 [ J Mo rtquirwl additional search fees were timely paid by the applicanL Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos : 



Remark on Protest j [ The additional search fees were accompanied by the applicant's protest. 

[ I No protest accompanied the payment of additional search fees. 



Fonn PCT/ISA/2 10 (continuation of first sheet (l))(July 1992) 



EP 1 142 903 A9(W1A1) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/02550 



CQntintiation of Box No. I of gnntinuatLion of first sheet il) 
the PCT, to search. 



Form PCT,aSAy2 10 (extra sheet) (July 1992) 



